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. BECTION I
INTRODUCTION
A. GENERAL
' This is the second 1p f series of quartsrly prcgress
: .reports oeing prepared for the New York Ordnance District by
the Sperry ayroscope Cozpany on Coatrnct DA 30-069-0RD-607.'
These reports describe ths progress being made on the feasibil-
ity of adapting Stinger type fira control and turret design
to the new 37-mm gun. The program for this contract was out-

lined in the propossl (Negotiation No. 0.16434-2) dated

January, 1952.

The Stinger is s short range sntlaircraft artillery
weapon dusigned primarily for use égainst low flying targets
having speeds up to 800 miles an hour. Originally designed to
use four caliber .60 guns, the system is contsined iIn a turret-
type structure about 6 feet in dismeter and sbout 11 feset high
when mounted in a tsnk. With minor aslterationa, th2 turret-

type structure can be mounted on a tralled or fixed mount.

Weighing betwéen two and thrée tons, the Stinger con-
slsts of several separate assemblies which would make alr
transport fesslble ih an early phase. .Director T42 consisting
of Radar Tracker T8, an optical system, and a gyfoacope type

RV T R I+ L L R R T R I R LT
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Compﬁter T26,npéev1des’vnrlous combinations of radar and
optical searching and tracking ahich csn be used depsrding
" on the tactical situntion. The opticsl systen could also

_ be used to dirsct ground support firs.

This study has for its objeétive s gun mount similsr
to Stinger meun§ T135 axcept that 1t will cerf; tvo newly

designed 37-mm guns instead of four csliber .60 veapons. Two
versions of ths new gun_ere_under development for other
centracts; thevT172 (Armeur) and the T37 (Dixon). Both guns
will be corisidered during the course of this study. Modifica-
»tion of the mount {o accept the new guns will involve strength-
enlng the structure, the gesring,;and the power conﬁrels T29,

and providing an ammunition feed and storage system.

A study of tte vekhicle used for the Gun, Twin 40-mm

Self-Propelled T141 to determine its feasibility for Stinger
is to>be msds. Briefl space‘studies will be mads to determlne
mndifications of the turret cvompartment and cockpit of tﬁe
vahicle. The vehlcle problsm will also include studies of

power supply requlrements.

A major portion of the eontract involves the adspta-
tisn 6f Director T42 to the 37-mm HE shell T81l. Although the
tastical role of th: new equipment is to be the same as for
O  the Director T42, ths belllstics will be changed considerably
2 ' ‘ ,
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'_ and ths effectlivs f1r1n5 range incraasad fron 2000 Jnrds bo
-4500 ya{ds. The ballisbics cnnnge will arfect only the Com-

| pufér T26 whereas the Increesed rangs will mesn new require-
ments‘fbf both the COmputer‘Tzs and the Tra”kér T8. incfeésed‘

'picxup rangs for the radar tracker 13 expectead thraugh the use

of 1mproved r-f components and 1mproved recelver techniques.

. The principal'éﬁphasis in tha firs contrcl study
will be placed upon increasina the acéuracy. Thé higher max-
_1mum.time-of-flight end range both requira greater;pracision
in ths rata computstionf At the ssme time, howsevsr, there
" will be eméhasis upon simplification Eéséd on field experience
‘with the tio S*inger pllot méaels. Different degrees of com-
puter redesign wil; hs compared analytica’ly to determina the

extent of modification which 1s J stified for fire control

effectivenass._.

While consideration will be given to the matter of
minimizing radesign, director accuracy will not be compromised,
‘The simplificabion objectives will limit the smourt of exist-
ing design which can be salvaged. Whi;e soms dasign studies
and testing are involved in this contract, the number and

scope will be sufficient only to decide faasibility,
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~B. SYSTEM STUDIES

The new work to be dons with respect to the oversll
Stinga: éystem is concerned with the possible simpiification
of ﬁﬁe unitf Such simplification would Be effected by attempting
to reduce the number of cdmpgﬁents and by simplifying opérscion,

,maintenénce, and manufacture. - With dhis sim in.m%pd, the

: i
following changes are proposed for consideration. Details

of the effect of these chpnges on the computer are discussed
in Section III

{a) Eliminate stsdiasmetric ranging, use tracer firs with ’
8 speed ring sight ss s secondary mode or allow the
target selector operator to set in estimated range
while the turret operator tracks optically in azi-
muth and elevation. |

(b) Eliminste ths msnual radsr range and mesnusl radsr
angular tracking modes. _

(c) Eliminate the tracking scope.

{2) Improve the PPI presentablon with respect to resolu-
tion and persistencse, and eliminate stereo presentation.

(9) Eliminata lnclinometers of the present design, snd
substitute either a pendulum or a menual turret level

1Y
correction.,
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T(f) Eliminate ths infinity ring aight énd use the speed
N  ring sight fbr sudden sttacks at low altitudes where
high speed optical acquisition is an absolute necassity,
“but where laad angles are smsll and trqcer '1re is
adequate. ; 7 o ‘
v,(g) rdd IFF for use on distanb targets picked up by the
- radar.
(h) -Eliminate emergency operation on battaries for the

self—propelled mount,
C. RADAR STUDIES

During ‘the last quarter very little considsration has ,
been glven to the radar for the 37-mm Stinger because manpower
has been concentrsted on completion of the second caliber,.so_

Stinger.

However, soxc :thought has been given to the redesign
of the transmitter using the QK-305 or some similar high
power magnetron. It is anticipated that a tharough.study will
..e made of the KU band components which have‘been davelope?d
over the past few yesrs, and that the r-f system will ba re-
designed to incorporaﬁe those componants which are superior

to the ones used in the present Stinger radar.
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Soue thoughi hns'nlso besn glven :o-ths!indICnting
system. The nmain question to bs: anawered is whether or not g |
stereo presentetion wilT be used 1n the redesign. Investiga- |
~ tions wlll commence shortly on thi s proolem. ’Whether stereo
'13 used or not, a different tyoe cauhode rny ‘tube will be .
used. The~present tube (SJPI) has shortcomings both as to

persistence qualities and resolution. _ o o _ :

' D. COMPUTER STUDIES

The computer pfogram is proceeding on the basis of

three models which are distingulshed byothe amount of redesign
‘J - 1nvolved. The design stud; of the Model 1 Computer 1is 90 per-
cent complete. This project is presented in Qecbion III, in

which the layouts to be found in the rear of this report are

described. The work specifically remaining on Model 1 con- ' 1
" sists of balllstics mechsnism space studies, breadboard tests
of the precesslon mechanism, and packesging studies of the track-
ing unit (main secticn). During the latter pfojecb some degres
of simplification will be attempted and some changes in the
racdar lndicators are santicipated. The TM computer tests for
Model 1 8s wasll gs Mcdel 2 will_begin in January. The range

servo tests will probably apply to all three computer modsls.

6 E
}
- {
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The Yodel 2 Computer study has besn very sactlvs du-r-
1ng ths past quarter. In addition to s shorter rotating
element, the design study of this model now 1nc1ﬁdes~a new
typekprecésélon hschanism which promises s distinct accuracy

imzrovement over Model 1. The new mechsnism (;élled 8

_precession torgue mulbiplier)bin effect divides the lead

engle by modified time of flight.‘ The two preéession 3arvos

are superseded by two RP (or I/TM) servos. The mechanism,

descritad in Section III, paragreph I, will be built shortly
for breadboard tests. As presently visuslized, the Model 2
‘Computar will also be considerably simpler than the Model 1.
Packaging snd data flow studiss are in progress which will

reduce the number of csms and eliminate much of the gesring

in the tracking unit. (See Section III, paragrsph B.)

The Model 3 Computer studies are expected to begin

éuring the naxt quarter. It 1s posslble that an approximate

solutlon will ba the basis of this study which may permit
érastic simplificstion comparad to Model 1. This program can-
rot begin until the course calculstions are complete as these
will datarmine the maechrnization as well as the fensibility

of the approximstions.

The accuracy study hns bagun; the target course cal-

culstions balng the first step. This da.a, when complate, will:

CONFIDENTIAL
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(a) Furnlsh TM values which can be used to study approxi- -
mate solutions (uodel 3).
- {b) Make possible a balanced study‘of.accuracj requiréhontg
based upon tactical frequency snd hit probabllity. )
(¢) Pscilitste a realistic determination of specificstions

(L max, PR max, TM max,iétc.) oi"militiry'charadtepiaticq,

A more detailed outline of this program is provided ! N

1: Sectlion III, paraoraph L.

In thg first quarterly reéport two TX compute: designs
iere discusséd, one for the Model 1 Computer and the other for
the Model 2 Computer. This concepﬁ has been changed. The
Model 1 Ccmbuker 1s now to have s TM computer with PR servoa
where the Model 2 Computer will_hava RF servos. Other methods
for calculating TM will probsbly apply oqually tc either com-
puter and will be indicated by suffixes A and B applied to the
TM computer models. The A model will solve for SCRF by split-
ting it into VCRF and RCRF. The Model B willl sol#e for SCRP .
electronically in one.dtep. The followilng table shows the
differences between models of TM computers. Any charéctegistica

not listed are the same as for Cumputer T26.
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TABLE 1-1
'DIFFZENCES IN ¥ODELS OP THEZ TM COMPUTER

Model 1A Model 1B ‘Model 2A Model 2B

Auto Balancing - X .
(VT and RP) X
(for PR servos only) o

LRF & VRF circults T x X
RCRF ciécuit o

" VCRF circult
Electronic SCRF x | x

All of these models will have a BCV isolation_ampli—
Qier added and possibly san au;omstib-compensator for changes
in gyro speed. The lstter festure would eliminate the need
for a precise power supply. ' |

R il

Progress Report No. 1 mentioned two programs'for the

‘improvement of the isolation amplifier. One involved 2-1/2

tubes and the other, four tubes. It has teen found tha§ a

speclal transformer would be proribitivs in size, gnd any other

approach would require extgnsiva dovolopmant. It 13 not yet

evident that isolation amplifisr improvement willl be essential
for the 37-mm computer, however.  9rpater’deta11 on this program

will be found in Section III, paragraph J.
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;iderabls'prdgreés has been made. The TM computer settling

‘to be fixed by the probsbility study and the bsllistic effects
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, \\h.o
In connsction with the pnbameter or limlt‘study, con-

requirements have been an»’yzed and all of 1ts limits established,

-«'—.""“‘*m“-\—w@.ﬂ-‘a.« N
TSP

‘pending‘resulbs of the accufacy andiproﬁnbility'study.“iiho

anélysis’gnd 1ts tsbulated results are to be found in Section III
paragréph M. Limits of L max, PR msax, PR msx and PR max remaln

1imits will be determined uhder‘bnlliétics studles.

' Also included in Section IITI is a report on pctentio-
meter investigations. -It has been found possibis to order
Helipots with doub;e wipers and tight speciriqationﬁron resol-
ution and backlash. The report al<:s describss two potenhio;
meter life and servo tests which sre éoon to be made., Both
progréms involve thé’qomparison of severél designs and Specific-
aily ailm to evaluste slide wire potentiometers made by

G. M. Gianninl and Co.. : |

E. TURRET AND VEHICLE STUDIES

During the pest quarter édditional design work has
been Jdone on~the mounting»nﬁd equilibration of the guns and
on the storage and fseding ammunition. A brief listing of the
predent states of these étu@ies follows, Further‘discuasion

will be found in Section V.

10
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(a) Ammunition wil) te hung in 3 verticsl cbluinn from %wo
| ~ simple racks, and be pulled from the racks by boos:ei's.
The boostsrs will deliver the rounds into external |
flexiblo t_:hutén for supply I:§ tha guns.
(b) It is prOﬁoged 'that.an extension to therreceivet on
| the Armour gun (T172) be mde‘s'o t'fwt the gun méy be
‘bolted to the turret trunmion. - |
(c) The Dixon gun. (T37) will be mounted in s cradle vhich

in turn will be bolted to the turret trunnion.

Design work stnrted snd éarr:led oﬁt during this
quarter included work dn the nzimuﬁh powsr control package ,' an
’ .examinstion of clearances and supports in the vehicle, a study
of the construction of the upper snd lower structures, and
work on the main eszimuth bearing with » view to the sdequate
distribution of firing loads to the balls, ‘

Engineering work on this subject slso fncluded thres
- extensive computation_s which will b; of assistgnce in the |
turret servo analysis. The first was the approximation of a
sample gun reaction-time disgrsm by a Fourler sine-cosine

series of the form

. ®» D ‘
fte) = a, +Z an sinn mtft b, cosn at
n=}1 n=}1 - -
11
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The coetricien{:a 805 ans and b, for the first seven harmonics
wsre determined. Tha sazond concerned the determinstion of
the lspring constan: for the az!uuth power gesr box. | The

third was a computation of the rotational moment of 1inertia

of ths turret about 11:3 azinmth sxis and of the guns about

the elevatiun axis.‘ Additional enginaering work was con-
csrned with ths distrlbution of firing loads into the main

i azinmth bearing snd with ammunition booster performance.

A reexamination of the primsry electrical power
supply for Stinger was begun with a view to the possible
substitution of a 400-cycle, three-phase, 115-volt supply

for the 28 volt d.c. Supply preséntly used.

12
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SZCTION II | | ;
TRIPS 3D VISITS | T o

. Mr. T. Williams visited Watertown Arsenal to discuss
tho fea°ib111ty of helical gun equilibrator springs. In spite
of the expsrience with this type of spring on Skysweeper, 1t

"1s felt that with care a'sntisfactory heliénlrspring can bs -
" made. Extreme fibré stresses of 155,000 to 190,00G pounds
'}' ' pér square inch have been used in tbg'paét nlthoughASOme break-
age has been experienced. For Stinger service a stress of

125,000 pounds per square inch was agreed on.

B Mr. T. S. %illisms visited Detroit Arsensl to discuss
‘the ‘adaptaticit of the Gun, Twin 40-mm self-propelled, T141 to.
accept the Stinger turret. |

¥r. P. S. Williams visited Armour to #onﬁer with them
on mounting of the Armour gun-and to keep up to date on the
design work on their gun. They are considering shortening the
belt pltch to 2 .86 inches and désigﬁing a push-thru type 1link,

- Mr. T. S. Williams visited Dixon Ressarch together
with nr. S. Rosenblum of Armour Institute to discuss s proposed

push—thru type 1lnk.

13
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. ¥essrs. T. S. Williams, ¥, Drewss Ana F. J. Hoffman

- visited Vickers, Inc., Detroit, ¥ichizan, to discuss design

" techniques for the powsr controls on Stinger. - Topicﬁ a1s-

Acussed included relief invas, piﬁe length, o0il coolers, strok-

ihg system, pilot valve, and debails of construction of the

;Twproposed hydraulic bresdboard. There was some discussion
'"fegarding the possibility of using an hydraulié ram to drive
rrthe'guns in elévation and on constant speed hydraulic drives

for glternating current generators,

Mr. C. M. Jahsky visited Rnytheon Manufscturing Co.
to observe operation of a type QK-357 recording tute and to
‘discuss s direct view storage tube based on the sams principle
which might be suitable for presentasion of Stinger rad-r
information. Such s tube would store informatién snd present
1t, as nseded by the turret opsrator for acquisiticn, for

ldnger perlods than possible with the present long persistence

tubes.

14
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SECTION III
" COMPUTER STUDIES

A. MAIN SECTION, MODZL 1 COMPUTER

Dufing the 1nst quarter, study of the ¥cdsl 1 Computer
_ was confined to the pr&gessiﬁn machgﬁism.‘ Stadldmetric rpng-'“
“ing 13 strictly an emeégency modé’bf ddﬁbttul ialua, an& its
eliminab;on will meke 1t possible ﬁo remové’tha‘range servo
~froﬁ the computer»main‘secbion. Therefors, the range sérvo
design study has become part of the study torAEho balllistic
mechanism for the Modél 1 Computar. The precession mechanism

progress for Model 1 is dlscussed in phragraph G of this section.
B.. MAIN SECTION, MODEL 2 COMPUTER

During the past quarter,iwork was begun oa the gen-
eral configuration, block diagrams, machanization, snd gbals of

simplification of the main section for the Model 2 Computer.

1. Cams Required .
At pre;ent it sppesrs that three cams willl be used
in thes Model 2 Computer cohpnred with the saven usoi on Com-
puter T26. Two cams will be needed for tha scanner drive and
part of thelir output may be used for the combining zlass. The

¢cs L function 1s at present derived from a cam. Though other
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poasible alternntives exist, a cam 13 pqéﬁibly- the best method -

T s st ¢ b sy e

of deriving cos L to»,.OQ-l which may bs the éccuracy z’ét.:;uiz'm'l;'i ‘
Coms used to obtain LPL, VPL, LS and VS may b; eliminated as .
described in paragraphs 2 ana 3 bsldvi._ |
2. Lsad Input of -Precassipn Tom‘;ueAuultnip‘lier ‘
In sn attempiyaiﬁ simpllflcntvlcfz it 15 felt that the
number of cems can be reduced without luss of sccuracy. A

reduction of 2 cams would be ‘sccorplished by deriving the LPL

and VPL camvsignalsws follows

VPL and LPL are multiplied ‘by RF to obtain VPR and
P LPR which torque the gyro. |

VPL-RF = VPR

"LPL-RF = LPR

sinl.s
3in LG‘

in VLG

L1

YPL

. sin L
1.
LPL sin LG

caos LG sin LLG

The lesd input of the precessiorn torque multiplier has an in-
~ herent sine function enabling the insertion of VIG and LLG
<directly while correcting RF for the difference between VPL

and sin VIG as well as Ustween LPL snd sin LIG. Below 13 the

actual mechsanlization in which the rete is a product of Lead

input timas RF input. ~ ' , {

CONFIDENTIAL '




s
R

w ¥

g

L AE X X1

PR

VPR = (sin vig) |22 L »-mr]

LPR

. L .
(éxn LLG,_sin 16 ,cos‘LG RF]

‘e T - - - : 4
t Y

~

£1 sin L sin L .ccs IG) -

The functions (Zri2v) and(EIﬁ'ﬁG ) vary no

mors than 5 percent and 2.5 percent respsctively throughout

the entire range of IG. Due to the small varistion in these
functions they should be simple to mechanize. The mesns by

which they =re multipliad by RF will be studled in the next

quarter. The RF input of the precession torque multiplier will
be called VRF and LRF for the respective units.

3. LS and VS drive
To attain in part vhe objsctives described in the
first quarterly progress report for the Model 2 Corputer study

namely, width reduétion, increased accuracy, snd simplification

~vof the computer - and the simpler objectives d ;cribed for the

Model 1 Computer study, an englneering investigaticn of the
combining glass drive was initiated.

17
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Initially, work w3s concentrated on s gqusntitativs

analysis of the LCK and VSM functlons inscribéd‘an”tha'cahs.

driving the combining glass. It was found thst the LSM func-

tion could be approximnted by a funétioh of LLG snd LLC, and

that the VSM function could be approximsted by a function of

VIG and VIC. Thus, it sppesra feasible st this time to elim-

inate the LSX and VS¥ cams from ths computer without signifi-

cant loss of accuracy. -

It was further noted that with s smsll loss of accﬁracj,

~ VSM could be approximated ss a function of VIG only. Thus,

if this approximation were acceptable, it:would eliminste the

need for a mechanical differentisl required for the summation

of the VIG and VIC functions as considered sbove. It further

suggests the possibllity that s change in the gimballing of
the combining glass may permit the introduction of the lateral
compohent of aided lsying directly between the gyrb and the
searcﬁ prism. This would then reducs ths motlon of the com-
bining glass to motion aboﬁt one axls only. Mechsnization of

the combining glass would be greatly simplified, and greater

‘accuracy could be expected from the mechanical simplification.

Yet, becauss of the attendant high shaft values as-
sociated with the éombinihg glass, 1t is planned to initlate

a compréhansive study to determine the most desirabls method

18 |
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of displacing‘tha Qetlcle, In addition to tha possiblé
soiutions dascribed in the preceding parééraphé;-tha usé ef
an 1lluminated cross halr to be displnced 1ﬁ a focel bléne;
eitﬁer{d;rectly bayond‘tha search prism, or 15 tﬁa'internal—l

| ‘opbics assembly’will be investigsted. Tha»quaséion as to!’ ..
whether'the compdnants'of crcss-hair motion ip the foqgl
plané can ba made s functlon of the’alfendyreiisting'shaft

drives will havs to be 1n#estigntad.’

4. VB Mechanization
It 1Is hoped that the VB servo can be eliminated and
that VBL can be introduced as s correction of torque 1n a

- manner similar to LBL. VBL for tha 37-mm Stinger will be of

£

greater msgnitude than for the pressnt .60 caliber Stinger due.:
to the increased time of flight which allows for a greater
gravity drop of the projectile. This gresater magnitude of : ;

VBL will require groater smphasis on 1its accuracy.

If VBL can be introduced ss s precession rate-coérection
cailed VBPR, the PE servo will become an FE servo end will
position the FE synchros directly. In Computer T2€, FE 1s
derived by adding PE and VB, each from 1nd1v1dug1 éervbs,
through o mechanical differsntlal. Also, '

SE = PE-TVL

‘.J
[¥e)
o s
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where | | : o i
| TIL = VL +VBL = yL » ‘BER | | ’5
- ; RP , . P
. ‘ }
- formerly »
32 = PE-VL

The inveﬁtigﬂbion of this mechanization has yst to be made.

bf5. QB Meéhanization (For Balvistic Corrsctions, Only)

_With the éxis:enca of an F® servo, a»mor° exact ' ’é
solution for QE may result, for in the Computer T26 QE is |
approximated by msking it o function of PE plus tilt. This
mechanization requires s QE servo, for tilt 13 sn electrical

]b signal coming from the 1nc11nometers, which must be added to
" PE. Actually, QE should be a function of FE plus tiit which

will be simpler to mechanize, for an PE servo now exists.
Also, 1T ti1lt existed as -~ mechsanical motion QE could be ob-
tained by adding FE and £1lt with = machanical differential.

Such an_afrengamentvwlll'ba studied.

A study willl be mnde to determine the feasibility of
using on'y F3 to represent QE, this being a mesns of simplifica-
tion. The magnitude of the error of such an approximation

and the prob&bility of large tilt angles will govern its

feasibility.

.20 S i
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Another arrangsment would insert t1lt as a separats

)

ballistic correction without adding it to PZ to obtsin QE.
This could be done elacirical’y without the nesd of s servo

‘gear train.

6. Locatdongand Packsging of TF and DO Servos ‘ '

The pcﬂs*b?s \um.ns*ion of stedlnm&fric reanging as
a requirsd mode of ranging for the 57-xmn Stinger would eliminate
the necaﬁsaity ot_'}locatlng the range sarvo inside the computer
main sectidn. Thus, in line with tke planned engineering and
design studies to be made on the range servo itself, the oppor-
tunity presents 1tsa_1t to make a thorough pﬁckaging study of

’ the TF and DO servos.

{  The primsry functions of the time of flight and range
servos ars the determinstion of tke response fgctor of the‘
sensitivity computer. The two.ser':os are functionally compli-
mentary and are similar. Thus, 1t would seem logical that they
'should bve made physically adjscent. The probabie elix;ination
of the QE ssrvo from ;he 37-mm Stinger would offer ths cpportun-
ity of imserting the DO servc In the ballistic mechanism as-

- sSembly, locastad in ths lower structure.

Insarting the range servo in the b{alllstic' rachanism

seems to cffer the followlng sdvsntagss.
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(s) Pewor lesds are reqph‘ed to the computer mein sactlon. '
(’b)b Bécaﬁse of the proximity of the computer 'sefva snd . - L
ublanon amﬁlifiers to the ballistic unit, shorter |
leads betvéen the range servo and relnte“d chassis may
" ‘be used.. | _
~ {c) Elimination of some ‘extransous sources of hest from
the computer main section can be accomplished. |
(d) Additional spasce will be dveilgble in the computer
main section. | | |

(2} Greater concentration of the components of the TM

. : computer is possible.

‘ 7 | Consliderstion should be given to locating all °econd- 2
{ 7 ary bellistic inputs, excepting perhaps wind corrsction, along
the left-hand cockpit weall, where the relative air demsity in-

put snd dial assembly are now located.

SN

Yot before anj finsl decision can ba raacked, con-
sideration will have to be glven to overall wirixig and psckeg-
ing of Stinger compcnents in order to insure maximum economy

of design. - \

7. Packagihg and Data Flow
12 the previously mntionod changes are made, sn
overall simplification of the cocmputer packsging 'appears possible.

22
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) . The six synéhros (fine and cosrse for TLL, SE snd FZ)
_on the left hand dial panel in the Computsr T28 will be re-

-- located to lie'iith'the mAaln computer gesring undar.iha
rotnting.elemént. 'Such’an nrianggmenﬁ;will lncreasévaccuracy
and reduce péck195h byveliminnting long gesr tralns and com-

' piicated bevel gear drives to the disl psnel. The d4ials on
o fthé left hand dialrpanal_ﬁhich nre drivéh by -these gesr trains
will slso be moved under the rotating element. They will

be visible for test purposes from the front of the computer.

. The data flow of the proposed computer is shown in
| block disgram form in figure 3-1. ' There sre three cams, a
o £ reticle drive, a rotating element and five mechanical diffar-

entials in this arrangement.

-, ~ | The reticle drive shown 1in the‘figure is not the
simplest but it is one which is foagible. The vertical drive
~ of the réticla 1s by VIG élone while the lstersl drive is e
rﬁnction of LIC from Ehe cam unit with an sdditional corrsction
made by proiidihg a pulley ratio other than two to one between
the search prism and ths gyro. Othér possible arrangements will
be studied. S
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The LLC and VIC cams are a means of obcaining the

-TLL snd TVL motion with ths greatest accuracy. 'The LIC and

~ VIC data accually correcis for the difference between PLL ‘
and Kltﬂ}‘and Eetwegn TVL and KQVIG»respéctlvély. ’?LL is fvr
mechapized ﬁj addihg K1LU3 and LLC through'n mechanical air-
ferential. FA_dirferentislrhns been eliminﬁted ﬁy obtaining

SE from the subtrsction of VLC from GYE instesd of the method
‘used 1n the Computer T26 where xévm would be added to VIC to .

obtain TVL which would in turn be subtracted from PE. The
addition of LIC end GYE glves SE as follows: (assuming VBL = O,
so thst TVL = VL + VBL = VL)

] VL = K,VLG + VLC
and v
SE = FE-TVL
GYE = PE - VLG |
therefore %
SE = GYE - VLC where Kg = 1

-

The possibility of using the new Ve (= X5 ViG) instead of
VIC in this equation, or vice versa, will be investigated

shortly.

24
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The differential adding LLG to GYZ zullifiss the

trunn‘i'onverfect occurring while transferring LIG to tke rotat-
ing element. LLG on the rotating element displaces the 1stersl

leckaff coils and s the lead input to thé iataral precession

‘torq'iza multiplier. -v B . ‘

Two trunnion sftects must: be corrected to cbtain

VIG in the verticsl preuession torque multiplen. Thesa trunnion

effacts subtract GYE and LIG, but by sdding FZ and LIG with one

differential, VLG will be computed.
FE + LLG - GYE - LLG = VL3
8. Computer Narrowing Program

The 1lntest engineering and desigr studies of the
mounting of the 37-mm gun on the upper structure seem to indic-

“ate that interference betwsen the guns snd the computer will .

Y

be- réstricted td possible contact batween the gun bsrrels and
the Winchester plug_"bcxes (;f the computer only. Thus, at this |
tims, sincs tha plug boxes can be redesigned anu relocsted
without great difficulty, no necessity exlsts to resduce computer

width.

However, until tlnslunountlng of 37-mm guns 13 approved,

the study of possible reduction in computsr width will be

pursuad. 3R~duction of computer width would sliminate all

25
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intarferencs ‘betwesn the guns and the coepu.er plug boxes,
'increase clesrnnce between the berrels and the compuher cover.

_and decrease phwsicnl size of tbe computer.

9. Prospective Indicntor Tube Chsnges
Some amount of redesign i3 plsnned for the 1nd1cat1ng

'-systen. As 1nd1ceted previously, little consideration hss been

"given to the problem during the past qusarter because of the work

baing done on the caliber ,60 Stinger. It seems probable that

with further 1nsest1getion a lsrger system of presentation will

be recommended.

Uss of two ifidicator tubes, with 3-inch diameter tube

rsces as atwyr§$ent but with greater persistence snd resolution,

Acoupled with increased m»gnificntion of the optics, will nec-

essitate redesign of thse cumputer indicetor opticals.

-

Use of two 1nd1cator tubes, with 6-inch diameter
tube fsces to incresss the presentetion, offers another pos-
sible so'ution. Because of the major repnckaging and redesign
studies being underteken on the computer main section, the
6-inch tube face dismeter dimension does not sppear to offer
insurmountab ie dirriculties. However, if the increase in tube
face diameter is sccompanised by incresase in tube length, it

may prove impossible to maintain the tubes in their present

™)
e}
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location without incrseasing the width =f the computer. Since
1t 13 desirables to decresse the width of the computer it may
be necessary to relocates the Lndicaior tube assemblies. This

would necessitats-considerable redesign of theroptics.f

If stereo presentation is no longer requifed, radar.

“pregentation might be envisioned through only one 6-inch dia-

moter cube. This would sliminate any serious psckaging dif-
ficulties. The extérmsl optics might need to be relocated
soﬁawhat to compensate for possibls increase in tube length.rk
Howevér, these modifications‘appear to be of minof 1mp6rtance.'
Purther, use ofvonlj one indicator’forvthe radar presentation
hay permit simplification of the external optics, which requires
tyo head pos;bions on the computer T26.

C. ROTATING ZLEMENT, MCDEL 2 COMPUTER

Redesign of the rotating element is necessary because
of the expected need for narrowing the computer main sectlon
to make room for the 37-mm guns. A spud& was made of the
foasibllity of shortening thﬂirotating element to accompliuh
this. The results were reported in Quarterly Progress Report
No, 1. Since no mrgher changes h»ve arissn in the mdei 2

A

rotating element length, this project 1s closad.

27
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The study of the Model Z Computer hsas not progressod
far enough to produce any schématics. it ib expected that

_'desigh'studies'vill bégin durihg next’quarter.

E. BALLISTIC MECHANISM

The design studies of ths ballistic mechanism for
Model 1 snd 2 Computers are scheduled for March 1953 and for
the Model 3 Computef in ﬁny 1953. They wil! follow ths

. ballistic studies which are presently beingvdéferred becaus=e

of conflicting work on Director T42. The balllstic studies

will determine how the correctlions to basic projﬁ¢tiia vel-

~ocity are to be mechanized, together with the wind and gravity

i

P. PREZCEZSSION MczCHANISH KéDEL 2 2ND 3 COMPUTERS

The precession mechnﬁism study 1$‘£he most important
project in the éomputer study. It has cﬁangsdwits direction
considerably since the prevlous progress report, because a new
pringipla was discovered rof applying torque to the gyroscope.
The non-linear ﬁpproach and the coarse and fine aprroach have
besn dropped from ths atudy:proqvnm and the sarvo aspect of

the projsct has bsen greatly eased.
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The errur-in the T28 pracszslon rechanism was

largsly one of data transmission, as axplained in the préyious
prqg;ess report. The problem of establishing precession rate

- to ah accurscy of‘one pert in 21.600# was formidéble from

the mechanical viewpoint even if a slide wire potentiometer

"and an unusually tight servo ware to be utilized. AS explained

in paragcsph I of this seétion, ths mechanical and servq ac-
curacy requirement 1is relaxed by ten to one when thé‘data |
transmitted becomes RP (reciprocsl of modified time ol flight)

instesd of precession rate, PR. . Ths precession rate is now

~established by a linkage which multiplies RF as s force by a

lever arm, to froduce n’tdrque on the gyroscgpefA The lever
arm 1is made to vary in effect prbport}ggéfli;to sin L. Since
the maximum rate of %1600 mils per secon@ wiil now be produced
by verying two motiors (PR and s;n’L) instesd of PR alone, all
resolution prcblems are relieved. Another sdvantage of ﬁhe

precession torquq multiplier is thst the RF voltage 1s alwaya.
positive., Consequently, no smplifier i3 requirsd to maintain

two balanced RF voltages. Nelther is a balanced iVT required

- for servo feedback potentiometer excitation.

- W = W . - -

2 PR nmax x TH max x DP sax x10~3 _ 3200 x15x4.5

» =
21.690 5. _ T)
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Considerable study was devoted during the pasc
'qunrtar to tna problem of producing a Vering force propor-
Atlonalvto RP. The most straightforward approach wculd seem
tc'bo'tﬁé mounting of a solenocid of a magnetlc torguer on
tﬂb-leaq;ylatg. Such torquing methods are widely ﬁsed on
other gyro‘éggulnr'raye compuﬁers and osre highly dsveloped.
It was found, howsver, that the Stinger PR max snd gyro |
~ angular momentum are so high as to require the torgque to
be amplifiad roughly 16 times, while the large pickoi{f error
(16 degress) would cause the armature displacement far_beyond
the operating 1;m1t§ of the torquer. Because of the wide
- use of magnetic torquing techniques in other gyro computers,
the feasibllity of sdapting them to Stinger ias studied at
great length. It was concluded that these techniques are
alaptable to Stinger.

Many arrangsments of linkages wsrs studied, with the
objact of cancelling out the srmature displacement resulting
from pickoff errors. This proved impossibla without csncelling
out ths torque ss well ss the displscement, howsever. One
solution to the mnznetic torque approach was conceived, as
shown by figure 3-2. In this system, a servo is provided to
wipe out any displacemant by moving ;hé megnet stétor bafore

such displacements becoxme large. In comparing this arrangement

CONFIDENTIAL

|
|




. with that of the precession torque multiplier, ‘no advantags 1is
appare:;t other than a slight 1mprovement in mecnanical simoli.c-
. L.y. EAL) this conclusion is questionable unti]. P design
kstudy i3 made. More significantly, there 13 the bulk of ths
electromsgaet or torguer, which might =dd 30 percent to the
volume ol" esch precession mechanism. In sddition to hqving a
servo for esch axis snd an sdded pilckoff, extra electronics |
will be requifed_ Wt‘o power the torquer and to provide constant

current excitation. If pursued further, the electromagnetic

approach would also require extensive laborstory research.

Although it ﬁrobably 1s feasible, this method was
aﬁandoned tithout‘furt:her investigation of the problems of
torquer linearity, inertis (with respect to gyro nutstion),
elactronlc design, or mechanical design. It was not expectad
that 1inssrily would Be too sar'ious s problem, because it was
not ai ma-ter of rqsolution. Ho'ife;ver , some compononts Vdid not
look too promising in this respect. New a-C ccmponents a'ie now
-under development by Midwestern Geophysical Laboratory caom-
paracle to their No. 9 Torque Motor. If in a few yaars they
can aporceach the torque and linearity requirements desired for
tha precession torque multiplier, electromagnetic ‘torquing
might beccme simple enough to consider.

31
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TrLo decision‘ngainst genernting-tha force magnatically

was made largely becsuse 1t would be more complez-with pyésoht'

day oompononts than to use a servo for'craating a spring force -

proportionsl to RF. Therefore, the'présent ﬁrogram has been

st*iﬂbed to the latter method, as described in more detail

1njpnragrzph I of this seotion.

| Referring'to paragraph I ahd to figure 3-3, 1t will
be seen how the precession torque muitiplief ha; been designed
Lo 1aboratory’brendboard. An RF sefvo has offectively beon
momted on the lead plate, in place of the electromagnet or
tnrquer originally contemplated In order to meet space limit—
ations, the RF servo motor is Aotuﬁlly externhi to the lead
plate, end drives‘the linkgge_and poténtiomater through its
trumion. Instead of actual’y displsacing ths precession spring
in proportion to RP, the varying RP force is produced by chang-
ing the angle of the spring force vector. A further refinement
is described whereby parts of the gimbal corrsctions are com-
bimad with the two RF servo inputs. As a result the latersl .
RF servo 1s called LRF and the verticsl servo is VRF.

G. DPRECESSION XECHANISK, MODEL 1 COMPUTER

A design study of the precession unit for Kodel 1
Computer was complated eary in the quarter. Main objecti?és '

for this study were greater potentiometer accuracy, improved
32
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- mechsnlcal accuracy, snd refinad nljustment provisions. The

ten-turn SAN 33B Helipo; mentioned in ths previous guarterly
vrs?ort is no,longsr conteﬁplnted for Modsl 1, because_of ite
roller wiper. ﬁ complate discussion of the pbtanﬁio@eter sit-
uatien 1s to be found in péragreph H of this sectlon. ‘The'
desigh studieeuﬁade,were strictly from the spsce viswpoint
yith regard to potentiometers. It has been proven feasible

to mount ten—turh potentiomaters in the units, withaut in-

-'creesing the dimensions of the rotating element. Tae dimen-

sions for these components were based upon those of Helipot

" type AN ball bearing 0.02 percent units, slthough txe multi-

turn potentiometer morket is quilte fluid at prosent. The
finsl recommendetion of tizis study might be for a slide wire
potentiometer, s dusl finite resolution potentiomster, a

composition potentiometer, or 2a multi-turn unit made by one

 of the newe: vendors. Figures 3-4 and 3-5 show a design 1n-

volving a ten-turn Helipot. A twenty-turn unit sppesrs

‘mounted on its side (parellel to the gyro spin axis) in figure

3-6. In the LPR mecpanism,vit has besen shown in s vertical
position in figure 3-7 and 3-8. Another layout, figure 3-9
proved that the potentiometer was too long to be méinted vert-

ically in ths VPR servo. In each case the gearing has been

altered for the new shaft valuas. The motor ratios have been

33
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improved by about two to ono in terms of mils per sacond per
revolution but could nect bs improved grasatly with respect to

the potentiometsr. The latter ratiocs are:

T26 computer: 7.8 to 1
Ten~turn Helipot: 8.27 to 1
: -

Twenty-turn Helipot: 4.17 to 1 - S

The design work has been hnalted indefinitely until the servo
studies nnzlyzé'tha requirements n§ to motor size, friction

errors; inertia, maximum ratss (%R mnax) snd maximun accelera-
tions (?ﬁ'mnx); vThe_potentiomete: lifé tests and Servo,tests

will also praduce a decision as to which layout will be prop-

osed, and will hel» to specify ths potentiomster more exactly.

Figures 3-7 and 3-8 indicate that s twenty-twrn finite
resolution patentiomefar is too long to be mounéed for proper
access without extehsiva redesign of the rotating element cast-
1ngs. It 1s nat certsain whetkher Model 1 should permit that._
much change iIn the Computer T26 dasign. However, a Ltwonty-
turn slids wlre'popentiometer {(if proven feasible) would pe’
about tha sare length as ~ ten-turn Helipot, snd could be
inssrtad in any of the twenty-turn potentiometer léyouts

made so far.

Lo

CONFIDENTIAL

CONFIDENTIAL

Security Information




RITTL YT

J

L et s ;
— et

CONFIDENTIAL
Security Information

In all or these Yodel 1 precassion echnnism 1ayouts
greab attention wos given to mechsnical precision batween the
‘ -potentiomater nnd the torqua rack. 1In nnticipnting 1mprovements
' along these lines, however, figures 3-6, 3-7, 3-8 and 3-9 in-
cluded studies of a worm or screw drive for the rack. A test
program is contemploted to determine the feasibility of this
~approach. Further study is slso planned as to vsrious methods
of baéklash_elim;natlon. The tests will investigata the servo
préblems, compering the friction snd inertis of bhé.wo:m drive
iith coﬁveﬁtional spur gesring. Such s progrsm cannot ﬁe plsanned

until the outcoms of the potentiometer tests 1s known.

Plgure 3-10 shows n design for improving the adjustment
of iero rate whsn ?ha lead is zero. This is known ss the
"creep"-adjustmant.-and consisfs mechanically of displacing the
potentioﬁetar with respect to tha torque pla@g,( In the layout
this adjustment is provided by loosening two locking screws

and moving the acotch yoke relative to the tcrque rack.
H. POTENTIOMSTER STUDIES

During the past quarter, the potentiometer problem has
been sbudied with less emphasis upon the precesslon servo snd

more upon the rsngs servo nand the new R? servo, for Model 2

E Computsr., It was mentloned in the prsceding report that two
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3
-slide‘wire potentiomebers wora nnder considerstion: e.Sperry‘
é;ae unit end s unit to be purohased>from G. M. Giennini snd
Co. The former 1ayeut wns completed and rejected on the basis
‘ot exceseive.inertia. On the other hand, some units mnnufac— :
tured by Gilannini have bsen received in valuass of 1000 and
2000 onms._ In the ten-tura model, 2500 ohms is ccnsidered the

paximuz “ractlcwble resistance valua. It hns been lesrned that

"8 slide wire unit is under development by the Fnlipot Corporation.

A 1000 ohm ten-turn slide wirerpotentiometer is
shown in figure 3—11. ‘This shows the continuous wire used to
produce infinite resclution, simulating conventional potentio-
' X mete:; wiuhgan infinite ‘number of windings. For comperison a
~t§£ee—turn conventionel He’ipot has been illustrated in fig-
ure 3-12. This pictures the internal construction of the units
used in the 726 precession servo. Dﬁring the past quarter it
has been revealed that the Gisnnini slide wire design producesA
a linearity of 0.05 percent, 5nd(h02 pencent is promised in the
near future. The Giannini'conponent is heing considered, 2s-

pecially for the Model 1 precession servo snd the vndel 2 RP

servo. It cannot be contempleteo for the range servo feedbank

position, however, because resishance is too low,
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In ordsr to determine tha fonsibilit y of tha slida

wirs potentlometer, n critical 1ife test 1s to be conducted
shortly. This -est wlll compare multi-turn potent! ométars
' manufncbured by Giannini helipot, dattray, and Vlectromnta.
A1 of these units eAcept the first are finite resclution
Ldesigns, and one Hélipot is to be tesﬁed which has a roller
‘wipar. The tests are to empnasize the effects of servo
"oscillation upon noise,.linearitj, backlash, loose windings,
etc. In addition to detemining failure due to wesr, She
slide wire uniﬁs will bs evaluated on the basis of wire
stretching and shofting. After completion of this prelimin-
ary test, plans will be made for environmental tests such as

numidity, temperature, vibration, etc.

¥While awaiting the results of ths potent ometer
1ife tests, potentiocmeters are being cordered for the servo
tests in this contract. On the assumpticn that sons defect
will asppesar in the s’*da wire design, an attenmpt 1s being made
to meximize the sulbnbiliby of finite resolution potentiometars
for servo applications. xen-tnrn ball bearirg HelZpots
nave Deen ordered with Jdouble tandem wipers for test in ths

ranges servo, the precession servo (¥odsl 1) and the response

T ——————— e

4

[

factor servo. In order to study the r2lationship batween

potentiometer imperfections and sarvo Sroublas, those Hell-

pots have bean orderad wizh "proe:iss razicna” of Q02 parcent

R
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lineérlty, specifyihg no shorted windings or icose windihgs.
Backlash has'been limitéd :9(L01 percent, and a method has
.Been'dafeloped'for measuring it. _Nb ro1ior wipqr‘units thQ
‘been ordefed §ocaugo it has been reported that they 'gér |

| eccentrically, so as to develop a bouncing action sventuslly.

If the slide wire potentiometer proves té be cf
doubtfﬁl feasibility, 1t 1s probeble that the'breadboard
servo tests will include 1nve§tigétidns of the effects of
the following: | B

(a) ‘Sleeve bearing Helipot _
@ | " (b) Dual ball besring Helipots in parallel
» | (c) Double wiper basll bearing Helipot
(a) High—reéolutibn {16000 turns) Hellpots
(e) Precise Regicn versus normal region {comparing
the singls duél and double iiper arrangements) _ =
(f) Bffects of reduced iiper tensipn on dual and |
double wiper units _ '
(g) BEffects or»optimum spacing betwsen double wipers

(h). Composition slide wire potentlometers (Micromax)

It was origineslly intended to conduct range servo
breadboard tests as well ns servo tests of the precession -

mechanism. In the cese of the MNodel 2 Computer,.the pro-

g  cession servo tests will become RF servo tests (distinct

1L
43}
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’~-The pétontiomatar.and Eeér :rain ihvtha’abévé
system would hava to measure 13 to an accufécy of .0.11 mil
per sacond (mpa) at ior rates. As diacusséd in the previous
quérterly report, this accurscy would be’dirficuit to achlieve

with the sbovs mechaniasm.

o . ) - . |
< \a_,k*. The new mechanism will be termed a precession
- torque multi:lier} It differs from the existing machanism
in that the Yension in the arm varies. This allows the mech-

anism to have two inputsAwhich are"hultlplied together, namely

Lead x RF =vPH*;' Such a system has no gear train cr potentio-

meter as a function of PR and, thereforas, 1s not concernad

with the accuracy requirements of PH. ({See figure 3-14.)

‘The introduction of RF ;gtzhé major problem of the

precession torque multiplier. It appears that IF must be

measuraed to st least one part in tkrse thousand, as 1s shown

balcw,

The travel of RF 1s for the present design 4 sec ™ 1.
’to —]:];8 sec ‘1: »
- therefore ‘ 1 v ' S
ERF ( _1L_ x 4= .001 3 sec |
3000 _

- e e W e m -

The‘actual’equabion mechanized is:

1
o -

Lead x RF x AN = TG = AN-PR-

where TG is ths torque at ﬁha_gyroscopo, and o 1
AM = the (constant) angular momentum of the gy.oscope. '

10
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Yaxizum error will occur for s 2000 y4d. Hc,'4oo yps TV

target when RP = %Z sec "1 or M = 14 sec. This occurs

whan cponing’giro (0?2 » 4500 yds). The associstad precession

‘rate occcurring for such a térget is sbout 13.3 ails per

sacond.
Now , (Lesd} {(R®) = PR

and to find the va'ue of Lead for sn error of RF of .0013
-1 '

sec at 2 PR of 15.% mils per second we csn ssy
B, = F Lead = "‘Rr‘ikg’nr
g, - 131.3'_ 1 13.3
14l _-izf-.OOIB)
E, = 186.2 -~ 182.9 = 3.3 ails

An Ep of 3.5 mils st 4500 yas. DP corresponds to
s 14.8 yard. Ey (error normsl to the trajectory). This 14.8
yard érror 111ustrates why an upper 1limit for RP must be very
conservatively chosen. (See Section IV.} If RP maximum can
be redﬁded from 4 to 2 as a resﬁlt of the probabllity studiles,
tnis Rn»will be cuﬁ in half as » result of reduction in
ERp. Moreover, 14;8 yards mean point of arror may prove
compatible with the system dispersion at 4500 yards. 1If

relthsr ol these conclusions is reached, however, there_;s

He
o
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3cTH ;rospact’[or obtaining ona part in €000 AP Seévo sccurscy
through use of a tan-turn halipdt or a slide 11re.potantio-
=ater. Thisvéubject has bven discussed in paragraph H of

~ this saction.

Lead_iill be introduced from fha‘existihg defléé- |
tion gesr trein (Ilﬁ and VIG) and will position the arm rotas-
ing about point P. This arm may bs positidned in figure 3-14
~with the same accuracy ss in figure 3-13. PFrom availablardéta‘
‘taken on ths T26 precesslon mechanlsm 1t is known that the
arm in tension réh be positioned to better thsn 1/3 ﬁil of
arc. Ths aém»canbrotnte through 1060 mils (60°). Therefore,

the arm can be positioned to one part In 3000 or Lesd 1s

introduced with an sccuracy of { }(i540 mil} =_§ mil or 1.5

3000
yards at 4500 ysrds. ’

At present the meens of introducing RF is by an RF
Sarvo which rotates a épring in constant tension, thersby
changing ths tehsion.qn the srm applying torgque to the gyro.
A mors detailed explanation follows in which the precession
torqua multiplier 1s.dasigned for minimum vériaﬁlons of torque

output with plckoff arror.

The proposed precession torque rmltiplier is basically
ths spring torque machanism used in Computer TZ26, to which

the means to introduce another coordin~te of data has been addsd.

o

e
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Eoth machanlsms featurs the usehof spé}ngs under ssssntiall
constant tension; Dboth mochsﬁisgs featurs vﬁri;tloq of the
torquas applied to the glmbgl arm by variation of tke sngle .
through which thé sﬁring tension scts. But wﬁiie in the-
Computer T26, tﬁa magniiude of thé.ef[ecbive lever srm 1s
a_functiod'pf bﬁt 6nd'mochanical input (precession rété),
‘the magnitude.of iha effective lever arm in the precession
torque multipliar_is the resultant-multiplication of two

separata mecnanical inputs, lead and response factor.

Ths proposed arrangement is shown in figure 3-15.

The exact mechanization coan be mads in the fingl design. As

can be seen, the torgue on the gimbnl arm {(GO) can be_changqui

-

by varying the angle of the "lead” plste through motion of

the rack X, snd also by varying the "RF" plate (PF) through
A_motion,qfxthe rack Y. Clossr inspection of the ppoposéd
mechanism will show the need of coupling motion of the RF
plate to the motion of ths lead plate, so thét mot ion of the
pivot point B is not inherently -:companied by a vwriation

in the torque applied about B by the spring CF.

In addition, the following considarations mpat'be
made in designing this linksge.

-
(/0
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1
S e e - 4. SR o s h -

(a) gotlbn of the glmbal arm (GO) rspresahts plekoff
error. In ordéi‘to maintsin zero torque conditions
for other thaa zero pickorf errors, 1t is required
‘tﬁat’axis A must psass through the centerline ot
exis G. | o o o

‘.(b) To permit transfer of 'ead dsta about”trunﬁioakP ‘
through the "lead" plate to the torqus erm CBA,
Co  axis 0 must pass through the centerline of trunnion P.
(¢c) To #aintaip constant spring tenslon, axis C must
pass through the centerline of trunnion P.
(d) The 1ine PD must not pass through the pivot point B |
so that 1t will be impossible to apply s compressive

~force on link srm OA. (Normally, this will not occur

because AF 1s greater thsn zero.) ' 3
(e) The torque arm CBA must be balanced to prevent its
rotetion when the whole mechanism is subjected to shocks !

or forces caused by rotation of the turrst.

The proposed arrangsment introduces error through

'varistion of spring tension when a-pickoff error is in evidence.

.The torque required to attain the maximum precession rate now
-under consideration is 3.1345 inch pounds. The problem was to
select a spring of such a magnituds and length as to minimize
errors in torque due to the presence of pickoff errors and to
minimizs as well the spring extension rsquired %o attain max-

imum torque.

e
W
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Initial;y, it was found thot errors ~ould be mini-
mized by locating the pivot polnt B on a line at right sngles
‘to'tha torque srm position OA.

Tt wes realized that oax Lmum error would occﬁr>!boﬁ
full lead snd full RP have besn intrcduced in conjunction with
8 meximum pickoff error of i6 degreep (i.e. the gimbal arm
0G 1s csused o rotate through 6 degrees). A layout of the
linknge under such conditions with AB.Q 1.00 inch 1s presented
-.-invfigure 3-16. Thks rosult of this study indicated the most
desirable spring rate as being 1.16 pounds pér inch. In order
tofaccommcdabo -] épring with » 1.16 pounds peb inch constant, 1§
1s necessary to introduce a togzle arm DFE (see figure 3-15
and 3-16) which pivots st P. The apring can then be halved
and each half can be connected between P and E, and C snd D.
The percentage error in the gimbal borﬁue undsr these condi-
tions has beean calculated to be 2.4 percent when the lesd 15
in one direction and 1.2 percent when in the other.diractlog.
These errors may sppear to be high, but when we consider that
maximm lead and maximum RF are introduced with maximum pick-
off these errors becoms negligible, snd from all ccnsiéerationsl

this seems to ba the best arrangSment that can be desired.

The deslgn of the vertical precassion torﬁue multliplier
has basn complotad and is baing detailed. (See figures 3-17
and 3-3.) Thlis unit wlll ollow for the direct introduction of

(o]

[
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VG y's 'a 102 input in thet ths lend puc; 1s poaitioned
'Ehrouﬁh radial ge-rirg instead of s rack, thersby giving
the sine of VIG (as dlscussed in ths elimlination of the
LPL and VPL cams). The AP servo has its_potentiometarr
mounted on the iead plate eliminnting the trurnion effect
which would éc:ur if the potentlometer was mounted off the‘
lead plate. Ths motor iz not meunted on the lead plate for

spatial ceonsiderations. This unit will'be built gs a braad-

board and will be tested to dstermine 1its accuracy. A
torque messuring device will be built to measure the very

small torque outputs of the precession torque multiplier.

J. TM COMPUTER STUDIES, UODEL 1 AND 2 COMPUTERS

3. Genersgl Status

The study program of the TM computer for the 37-mm

.Stinger calls for a laboratory constructlon and test of the
varlous proposed mod91$ in order to determine the feasibillity
of their application. The first proposal under considera-
tion 1s the MNodel A {see Saétion I paragraph D)sansitivity }

corputer. Plans for the laloratory construction of s bread-
boébd nodal of this sensitivity computer are now fully under-

way.

He
b7
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2.u Lnbora*ory Brgndboard
| It has been estnblisbed that all laborstory tosts

on tna ™ Computer will be ststic maﬂsuramants. This elimin-

 ates the raquirement of a dynamic test csm mnit containing
,three two~d1mansionsl cams It 1s expected that a full knov- _
ledga of the feasibility of the TM Computar c2n be determined _
from the knowledge of the static_accurscy of the sensitivity
cbmputer together with the dynamic response of the containsd
- servos. | | . |
| - The TM Computer functions to generaﬁe‘an RP signal
to.driva the gyro precessing device and operates from two
,éf 1npqt éignals; D;, obtained from the radar aynchronizer in
- tracking snd cos L, obtaineu from a csm in the computer
N proper. - |
For phe purposes of a labecratory =ock-up, both of
"theso‘ihput»signals will be generated s?aticnl‘y ir the input

data chassis from Ducdisl callbrated linesr Eelipots. The

‘RP output signal will be used to drive an RF positioning servo
which will correspond to the RP servo proposed for the Modsl

2 precession torque nultiplloé. (See paragr=ph I of this
section.} This differs frem the Computsr T26 where the RP 1y
signal is used to axcite the LPL and VPL cam potentiometers

which in turn drive the precession servos.
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Sinée the gyro ncts tobintegrﬂtﬁ_ani smooth out
any perturbsions in the RP signsl, it has boen proposasd
thaC’n‘brue'indication of the effect of RP on ths Stinger
system can only ﬁe bbtnined by integrating Eha,output of ths
_'RP servo rathéf Ehéh’by uslng the RP Servé output diracély
to predlct the feasibility of'tha proposed TW computer. It
is concéivable then thnrt vnriéble speedrdrive integrator
will be bequired at the RF output to pérmit a valid inlar-
pretation of the RF data. o

In order to give wider latitude to the static mesa-
urements on the TM computer which will be énde in the labor-
atory, it is planned to me~surs the computer sccurrcy at
several static polints on a dynamic course. To achifeve this,
both the DO and TF tachometers wili be driven independsntly
by variable spasd‘drives to provide Eypical values of DOR
and TFR. For tha purposes of these tasts these tachometers
will be mountad on tho techometer unit which wiil be totally

independent of the corresponding DO and TF shaft motions.

In ordsr to avold tha nacessity of the BPV Cam,
driven by TF, the laboreiory mock-up will ccmpute the APY

quantity diractly from the analyticsl trajectory.

3
n
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g  1Ia : .
= Py ——————— . K :
A?V a 1/a ¢+ TP . ' ' - i

Where s = the retardation coefficlent.

" Only a resistor circuit with aiﬂelipot driven TF

will be required.
= R ¥

\ . Thus, the laboratory breadboard w11l contain the -
following main units

(a) 1Input.data chasals

(b) VT reference chassis (precise voltage supply)

I'j {c)

(d) Computing servo amplifier

Computer isolation amplifisr

‘(e) DO servo unit (fig. 3-18)
() TF servo unit

(g) Tachometer uniﬁ | A, 2

. {h) Measurlng servo amplifier
(1) RP servo unit

(j) Static measurement chassis

po——

Tha following sub-chassls have been built to provide
tha slactronics for the computer isolation amplifler and the

two servo amplifiers.
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{a) 8-Triple-input 1solstien 'a'mpiiriers"
(o) -4-Double-input isolation amplifiers

(c} S5-Servo preamplifiers
(d) 1-D0 presmpliffer - . . S

(o) 5-~Sevrvo-v power aﬁpliriers

‘l'hesc eleccronic units should provide sufficiem; bl
flexibility to readily: pormit mock-up of lodel B and all

subsequent models of sensitivity computers as well ss the e j :f{i;
Model A now uhdor_conéidaration. -

3. Test Plans :
" 'l f_ The feasibility tests on the sensitivity computor‘

&3

will consist of ata};fc maauremnts on typical dynamic courses

- and dmmio ramase,«teats on tha DO and TF sarvos.

Thé atatio measurements on tha Tl computer will con-
sist of output roadings of the SRP RCRP, VCRP, and .P-signalsl
for typlcsl inputs of DO, cos L, DOR, and TFR. Thsse messure- s
ments will proauma an MV cf 1000 yards per ;ocond and sn RD of
100 percent. No laboratox'y work on sscondaery ballistic cir- 5
cuita is planned. -

_ The dynamic tests oa the DO and TF servos will con-
sist of measured frequency response dsta of the two units.

Further plans for these dynamic tests have not besn romla;od.
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4, Auxiliary Programs

Several suxiliary investignbions have beez plannad .
on various comnonents of ths sensitivity computer. Tests on = - - !
”tho Kearfott tschomater are complated which eatablishod the
gain of that unit. Temperstura tasts on the tachometer and
..the deaign of a temperature compensgting device to stabilize
Ats transfer functions will not be undertaken Lnless they

.are tcund necessary in the sccuracy analysis.

tIﬁvestigntions to obtein an improved isolation ampli-
.rier unit have been started but it éppears that s higher gain
unit would require a high quslity transformer of prphibitive
siza. The packaging of an isolstion smplifier chassis of ap-
proximately twice the size of trat used in the Computer T26 is
not feasible in the limited space allowed srd it appears un- '
11kely that a very much better unit could be bullt in the
space allocatbd.

S. Modal B, Electronic SCRFP
One further proposal will be investigated as part of
this study program. A circult hes been suggested to compute
electronically the SCRFP signal from a knowledge of (APV-DO).
This would rastly simplify thke analogue solution of the bal-
11stic equatlion

gy <AEYL . pLAPY - DO)
%) APY [0

e CONFIDENTIAL




PRR F B 3 3

Security Information

by #olving for the second torm in virtuslly one procoss.

Assuming u = APV. DO, #n all electronic servo has bean con-

celved to yield p (u)/u a3 8 functicn of u inputs. Howsver,

- the anslysis of this circuit nnd accuracy considerations of

its aolution are very involved. It is plannéd that-u thorough
1nvoatigation of this proposnl will be undertaken as part of
the study on the Model B Sensitivity Computer.

6. Time Schaduling

| The labora:ory coﬁstruction of the electrical com-

ponents and the sngineering design of the mechsnicsl servo

-units are upderﬁay at present. It 1s planned that the elec-

trical ccmponent wiring will be completaé by the end of
December and the servo unit '111,b5 set up by the enc of
January. | ‘

The alignment snd component tests and set up of

the integrated sensitivity co@puteg will probably run through

the ‘month of Februsry and the static tests on the system will
be run in March. This will be followed by the dynsmic test
of the servos in April, whigh wlll complete all laboratory

~ tests on Kodel A.

The dosign of the Nodel B sensitivity computer and
1nvastigations into subsaquent models will start tcward the '
end of March snd further raqulred mock—nps in the lwboratory

_'111 start in lats April.

o
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'A'ux:lliary inveatigaticns whicn may be neﬂossary will
bo fittod into the scheduls whsnever time permits but will be

rns e

~started not lster than the baginn!ng of April. :

K. TM COumrER, MODEL 3,com>mn

v
- . i "» -

. » ~ . : ' . Pras
. é* .

‘
Becabao or'confﬁ.ctjng nctivitzies, t:hare has been -

little progresa on the ¥odsl 3 study. In addli::lon to a new

exact solution, this project now includes the study of approx—v.

imate solutions. This will have for its purpose the sinplifica? N
» tion of ths standsrd ballistic solution, without the accompany- .

ing significant loss of 9ccuracy.

. - , Initially, 1t 1s planned to direct the atudy r.onrd

A

a simplirication of the modiried time of“Tlight solution.

Approximate -solutions which might be more simply mschanizod

than that now employed in the Stin;er_ sensitivity computer will
bs Investigated. Special effort will be dsvoted to possible

elimination of the TF servo, ard one or more isolation

amplifiers,

To derte, three solutions have been considered, vith
but a very limihod degrso or success. Pirst, it my be posaidle

' to eliminate the TP servo by using the analyiical Srajoctory

discussad in paragraph N of thils section. (Refer :o squation

3-12.) Second, sn a;proximation of the SCRY tarm zay permit’
. 7 simplification of mechanizatlica., Third, an spproxiamste oxplﬂcal :

for=ulatlicon of RT =ar T3 uzad, n exaxmple of thlsy Iype cof

solnzion follows, | _\ CONHDENT?AL J
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f5r= RP = A+ Dy + C-DOR

WHERE A= factorkrelaqu to ﬁv' RFP = response factor
‘B = constant o DO = preﬁent,range
C = constant ‘ DOR = pfesenb range rate

Por the Stinger dynamic tostar ccurse this equation

flyielded vslues of TM having a msximum error of .01 seconds.
~ rFor purposea of mechanization, it was considerad impractical

 as it featured the difference of the two large terms B/DO and

C-DOR ror the incoming leg of the course,

Until such time 8s the course calcuations are com-

 pleted, snd a preliminary accuracy analysis made, it has been

;acided to defer the study of approximate solutions in order

_ to minimize time wasted ln the derivation of solutions char-

acterizad by excessivs arror.

L. ACCURACY STUDIES

It has been decided to meske a tectlcal study of the
37-mm Stinger in order to datermine the accuracy requirements
of the fire control system. |

- A number of reprssoatative target courses, of differ-
ent target speeds, crossover ranges, and targe: altitudss, have
been selected for analysis. The tactical probedili:zy of .

(e L
-

CONFIDENTIAL

{
}
j




© CONFIDENTIAL
Security Information

occurrance of'eech targop-courso will be ¢onsideréd and, for
each courga; hit probrbilities wiii be gomﬁuted. Pressent ahd
"futurO'poaition parémabers will be calculated nt selscted in-

tervals throughout each tnrget'éourse;f Thus; it 1s'hoped:to
base ths meximum accurﬁcy“requiroments for the 37-mm Stinger

- . . Tire control upon = sound evaluation of the tactical probsbility
of occurrence of various target courses, and the bif probability
on a plane flying these courses. The hit prdbabilitiés will
be based upon fsctors such ss gun angulsr dispersion, gun |
APV”diQpersloh, trnckihg wander and servo smoothing, and radax

range errors.,

' , This study will permit an'engineering invéstigation
into the mechanization of tha'stinger Computer T26 ss adapted
in Model 1 to the 37-ﬁm gun, in order to seek possible economy

in use of electricsl and mechanlcal components.

The study will slso provide accuracy criteria for
the design of a new sensitivity computer. It will provide
a basls for servc and component redesign, and will‘establish

a limitation upoan the dynamic and static errors allowable in

the TH computar. Fcr example, it wili establish the accurascy

witk which the tachometers must be componsated for temperature
changes. '
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The accurscy requirements may be such sa to permit
simplification of mechsnization of SCRF, by}permittiﬁg usage
of approximhte mnthematical akpressidns ror‘that term in tha
AP solution and it will provide » sound baslis for tha study

. of approxima,e solutions for RP.

Is vill indicate tha asccuracleas to which non-standard

ballistic corrections ‘must be computed and mechsnized.

Thus, instead of solely extending the accursacy
requirements of the caliber .60 Stinger fire control to tho
37-mm gun, it 1s hoped that this study will provide s more
" : ‘realiétic bssis on whiqh to base sccuracy :equirements for ) égw

the 37-mn Stinger fire control.

M. PARAMETER (LIMIT) STUDY - “ | i
1. Genaral |

As part of the fire control parameter limit study

it wns necessnry to establiah values affecting the ™ computer;
The parameters are listed in tbo first quarterly report onv
pages 42 gnd 43. Values for L. MVC, PR, WV, and T remain to
be ostablishod in the balllatlc ard course atudies.

2. Xaximum Sensitivity Feramaters
The sensitivity paramelters ars TM (AI/RP), DQ and

TFP. Because of the incressse in DPOr from 20CO yardﬁ {caliber

F’ - © 30) to 4500 yards (37-tm), the selaction of DO max, ¥as more 13

7N
&
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critical for thisvweabon; During settling, the valua of TM
for the Models 1 and 2 TM computer 1is governsd by DO max,‘as

seen 1in equation 3-7.

“ Furthermore, the accuracy of TM computaﬁioh depends
upon the'scaiavfactéfs of.bhe range servo,fas gngrne? by DO
.max‘i: VDAO min is to be held fixed. The DO max determined in~ A
» this study refers only to the iange servo travel rather than \
the radar liﬁit. |

The limit on TM ss defined by equation (3-7)‘affects
" not only the isolatlon amplifier sensitivity, but more signif-
. - icantly the settling time, as definsd by

ST = 3 (AK-KFS) TM

fnf 95 percent of the lead angle error to settle out,

Althoﬁgh the fast settlling feature indicated by KFS
in equatioh (3-1) will lessean the concern oéér minimizing ST,
it 1s seen that ST i;n st1ll increase with TM. In order to
achisva grentést accuracy and minimize ST, therefore, a more
conservative approach has bsen taken on selection of DO max
than ths‘policy used for Computer T26. The previous viaw-
point sﬁacitied that the range sgrvo should basln foliuwing
whsn acquisition for Settllng begins. For a 400 yards per

' sacond targel speed this would r2quire that DO mex axcesd ‘
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- DO by ST x 4CO yards, or about 2500 yardrj (based upon the
new ST and TM derived from the lsrger DO mex). Similarly,
the TF servo travel would exceed TP,p onough to yroduco‘ak
| sl"za"_b‘lla ‘ decresse 1n APV. Thus T3 max would become even .
'graator.\ | |

’- . | The valldity of the policy used for Computer T26

K | was carefully reconsidered for gxtréme values of DO, whare

ssttling of cosine L is a negligible part of the solution:

cos I,
1/TF + DOR/DO

ST = {5-2)

. | N It was concluded that the only} settling function in the high

. TM computation 1is the acceleration of the DO and TF tachometers
which will require rbughly .02 second. The transient in the
lead angle due to the DO and TF sarvos accelerating, will be
about 10 percent when TM jurps from point f to point b in
figure 3-19. This may be smoothed by introducing SCRF. grad-

| uaslly, through a delay gircixih, to producs a curve like ¢ _
instéad of b. The delay circuiht, if used, would be dlisconnected
when the target-in-range relay picks up (DP = 4500).

It should be pointed ou: that the T26 arrangement

would have resulted in curve a when the DO snd TF servos are

moving to the point of opening fire. Curve b is predicted by
’ making BPV constant when DP exceeds 4500 yards.
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 After deciding that computer Settling (1.6. lsad
angle ccmputation or acquisition) could'begin tefors the Db
and TP ssrvos begln following, the objéct was to select Do
and TF upper limits which would bs as low as acceptable. DO
max was the wore ériticql problem becsuse ST max 1s determined

by curvs b or

T~ RP = SRP - SCRF (5-‘3)
1 - _ APY ,
st ofF T30 (3-4)
| Lo
™ = APY (const;o (3-5)
1 - SCRP x

SCRF is.tha smoothing correction to RF, snd never excseds .0l
at the beginhing of s course. Therefore, the numerator of
eqﬁation (3-5) 1is predominant in contrelling ST max. From
equstion (3-4) this numerator 1is defined as Sf!. Since APV
is eéualito BPV for standard ballistics and is tc be constant

before opening fire
ST max a TM max © STM max a DO max {3-6

Because SCRF 1is positive at the beginning of a course, TM STM
from equation (3-5). Nevertheless, STM is still appreciabdle
‘bafore tha range séryo starts following, at which time the DO

g2 - CONFIDENTIAL
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and TP tachometers begin generating an SCRF. This point 1s
indicated bv g on figure 3-19. Prior to point g ths TN

curvs 13 constant, equalling

"Vt 0 D

- This detafmlnes the settiing time ihiéh 1s always to be ex-
pacted during synchronization and establishmant of lead angle,
whenavsr the target 1is acquired vith adequate rarning. Equation
3-7 is shomn at points‘f snd h in_figufe 3-19. The former
value 15 for standard ballistics aﬁd the latter for maximum
air density.

i £ The benefit achieved by limiting APV min snd DO max

“‘tris iliustrated by comparing curve f with curve e, which would

have been obtained by using the ssme logic as was employed in
.the Computec T26 dasign. |

On the basis of standard bsllistics and a 400 yards
per second target, DO max could have been set as lowx as 8100
yards. However, some conslderation must be given to conditions

of high air density and low muzzle velocity which call for

greater valﬁés of DO max. Since DO _ and TM . ars both grestest

of of o
N for coursss in which Rc = 0 (head-on coursas), ths soof was _ .
computed frem the following, in which DP = 4500 yards and TV = J ‘ 
400 yards per second. _ »
P B DO =2DP TV x TP A (3-8} {
=N CONFIDENTIAL i
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T? was chossn at 9.35 ssconds, cofresponding‘to a D? of
4500 when 1D = 120 percent. DO , fro=m equaticn (3-8) beccmes
8240 yard&.' After astimating 1imit stop windup snd 8 salety
éargin fof botentiometar alignment, » number was choéén'for”
mths potenticmetcr\full trayei. To facilitate calculstions a
‘rou;d number was selscted, making the full travel 8500 yards. |
- After deducting a typical value for windup, thé‘uéper free
travel limit becams 8287 yards. By using equation (3-8) again,
the maximum TFof for head-on 400 yards pef second courses 1s
found to 53 9.47 éeconds. This permits accurate engagement
of such targets with maximum relstive density (RD), br 8
’ - muzzle velocity drop of 270 foet per__secoﬁd, but not both
simultaneously. With » greater value of DO max it would be
possible to engage them with greater drops in muzzle velocity,
but STM at point h has already become 17.311 (by substituting
DO = 8287 and TF = 9.47 1into equation (3—75). Moreover, TM
max is in the region of 20 séconds, ns computed by equation
(3-57 and illustrated as curve d in figure_(s-lg). This so

far in excess of the 15.1 seconds TKO for standsrds ballistics

b o
as to make further concessicns‘to non-standard conditions un-

reasonable. Therefore, 8287 yards was established as the

# SCR/® for a head-on courss was computad from SCR® =
!. AX pAFV-DO/APV-DO from which, for an incoming target: _ (3-9)

SCRF = AK.TV-APV El/(DP-.&P‘J + DP-TV) - a/{apvZ + Tv-NV)| (3-10)

-
Qs
-
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" absolute meximum DO free travel which éould be contemplated,

Since ths Nodel 2 computer now involves the use of g pra-
 cession torgue multiplier, it 1s also-necéssnry to select
- a c_onaerv»tiva valﬁa for RP inin, éStnblis‘hing ™ mx4 at v18

‘seconds. 'Ir the electrical end vor I:h:’s. RF pof:entionbtox? o

~ representr zero RF, the servo 1imit stop problem is unusually ..

- — .
severe aﬂd the RFP voltage sensitivity is as low as practicabdle.
Therefors, 18 seconds must be considered the maximus TM
_ compatibls with a lower 1imit of 0.25. This lower limit

" will be discussed later.

_ With TM max established as 18 seconds, it 1s seen
°ﬁ' g  from hs shaded ares 4 of figure 3-19 that one second of
|  accurate firing w11l be lost on the 20 second TH course. This o =

O T

1s a situation which makes further incresse in DO max fruitless.

3. Minimum Sensitiviiy Parameters ‘~ S R
The lower free travel limit of ths rsnge serve in
the Computer T26 was 150 yards, It 1s desirsd toc zaintain a

DO min in the 37-mm version which is fairiy close to 200 yards,
but some compromise is to be expected because of the increase

in 1imit stop shaft vaiue. (yards per revolution). -Furthermore,
tha only DO min of any significance is the one which is within |

. the travel limits of TP and RP {1/TM). Because RF max 1s 7

62
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préctically proportional to’l/DOQin, a change in DO mia
from 200 to 200 ysrds makes o 50 percent change in RP travel,

affecting sensitivities snd RP servo scale factors by the

same proportion. Thefefore, the selection of DO min must.

be a critical compromise batween hactical'and'technical

" requirements.

Referring to equations (3-5) and (3-9) it will be

found that STM is less than TM on the incoming leg of a course.

'SCRF changes from plus to_minus.nfter.nresent position cross-

over on a straight line course. Since STvaésses through 1ts
minimum before this point, TM giways exceeds STM. On this
basls a computer need never have a limit for TM which 1s low-

er than its 1imit for STM. Thersfore, using equation (3-4).

- - _ DO min :
T in = ST, T : (3-11)

In these equations the value of APV 1is taken when STM = STM min,

‘a condition which occurs very clcse to prssent poclition cross-

over; The anaiyticwl tra jectory indicotes the variation of

APV versus DP for autcm~tic wespcns,

APY = NV - a - DP (3-12)

where a {s Cﬂlled“the’rehnrdatlbn>coorricient and

NV = 3000 fps.

i
f
!
;
i
!
{
4




Also, it 1s evidenﬁ that:

-

Damin - DPnLnA= RC ., | . {3-13;

Substituting equation (3-13) into {3-11)

STH . bp min _ APV max x TP nin

min . Apv o APV (3"14‘

Since APV max and TF nin correspond to the value
of DP min, equation (3-12) shows thet APV is less thah APV
max. Consequently, TF min will always be less thsn STM min
and should be used as s goal for ST¥ min. This fact is ex-
pressed by combining equations (3-11) and (3-14).

THosn = TFogn (3-15)
From equations (3-13) and (3-14)
DOp;n = APV max x TF nmin (3-16)
Substituting equasion (3-13) into equation (3-12) and equaticn
(3-12) into equation (3-16):
DO min = (MV - a - DO min? x TF min £3-17;
assuming a = .0961 seconds "1 for this shell

DO min = MY * TF nmin ( )
1 + 0951 TF min 5-18

'CONFIDENTIAL
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Ir oXpresSloné (3—15).and (3-13)18?6 usad tayselesf
‘tke DO and TM linits in_‘t,e_ms‘ or_thé TP 1imit, these condi-
tions #ill also be:best for courses in which RC s less than
DO min. The TP‘servo‘will élways hit,its 1limit first, sq'thai
none of Ehe other limits williaffect ﬁilitéry characteristics.
on the receding legbxthis' will be o d1sadvantaga, but the in-
cozing leg is fér mora important tactically.

The preceding discuséion showé that the miﬁimﬁm valuss
of TM and DO 1dea11y should be selsctad after establishing TF
min. It is unlikely bhet 37-mm sheil T81 will incorporate any
safety fééture, so It is assumed to be sarmed as soon as 1t
!3 leaves the muzzls, Thersfore, it is not possible fo establish
TF min on ths basisvor arming time or arming range. However,'
tkhere 1s a practical consideration in that very probably RF
an cannot e#ceed 4 in the new ccmputer without adding an
‘1sclation amplifior to avold saturstion. This establrsged‘

TX min as 0.?5 on the basis of simplicity. 1In the Model 2
Computer, this aggravates the scale factor of tha‘RF servc pot,
but TM mig iill be left at 0.25 untll further RF sarvo tests are
conducted, especially with slide wirs potenticmeters. This
would sst TP min at ‘0.25-by equation {3-15), whereas 1t was
0.125 for tha Computer T26. By squation (3-18), DO min be-

comes 244 y=rds, so thls baccmes the objactive for the rangs

34
[P
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liﬁit,stop.. By uvzing the same DO l1imtt stop a3 in the Computar

T26, ths lower fr39 travei 1imit for CO can be made 213 yards.

The TP limit stop would reQulrekmodificqtibn to achiéve‘the’

A J%quye? value of>0.25:.?or breadboard purpoéés!:withoutvmodlff
idation,\iﬁ will be 0.27, but could bes 0.20 oh a prbductiod_
design. \ o » B

Limit stop mddificationé to reduce overtravel are
definitely contemplsted for any prototype or production de-
-8ign becauss it is essential»bhat one electricsl snd of each . , :
sensitivity potentiometer (DO, TF, RPF) represent zero qr4
greater. Since the mechnnlcaiystops éf multi-turn potentin- E

meters are very close to the electrical tap, the limit-étop

b e b ame et b 4 s e ke e e e o e

spring windups consume active résistance windings on the
potentiometer and establish the free travel limit of ths

variable In quastion. In designing the 37-rm computer,

b et 0 o

oither these windup trsavsls will be reduced'by using motor
slip clutches, or alse the ten-turn potentiometers will be
purchased with tasps at i/4 revolution and 9-3/4 revolutions.
In tha seccnd approach, the free travel limit will coinéide

‘with the electiriczal 1limit of the pobéntlomater..

In raducing the free travel limits of DO and TF ba-

low 2314 yards snd 0.05 saconds respectively, the ¢omputer

[ TSP PR

!} affactivenass #ill Y» loproved aftor crossover on 2ourses for

A . - CONFIDENTIAL




;which TM min i3 less than 0.25. Baforoe crossover'and-through-

out all courses where TX min exceeds 0.25, howevar, the min-

imum DO for accurnts computlng must still be spacified ns 244
ynrds. This 1s the 1imit derived from equatlions (3415)‘and

(3-18), and 1s only one which will apply to extremely slow
targets. R

Th; distinction between these military character-
istics and the assumed design iimits 13 made in the table

which éoncludes this séction. These parameter limits may

widergo change a3 a result of the course probsbility study.

4. Differential Ballistics Parameters

The differential ballistic psrameters are relative

density kRD), muzzle velocity (MV), wind velocity (WV), and
tomperature (7). The extent of these ballistig corrections
to vslocity (ECV)bahdﬁof the angular deflections (LBL and

" VB) are still to bs studied. In Computer T26 the RD effect
_upon APV was introduced by means of a three-dimensionsl cam.
The MV cdrrection_(MVCV) ias introduced differentiélly by

a non-linear potentiometeb“circuit; On the assumption that
this sgma arrangsnent would be used in the 37-mm adaptatlon,

it was desirsd to compute travel limits for vasic vrojectile

valocity (BPV). This v-riable is standsrd projectile vélocity

corrected-ror TF and RD.
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_ Sip"eaaion {2 12) was co*parcd #lth tha ballistlc
tables for Shell T81 and on sn’ average value of a establisnod
ps .0351 (for QE = zero) Slnce a 13 known to ba proportional
to 2D x 10‘2,‘ the minlzm valus of APV at the time of opening

fi“e could be computad

~Prom equation (3-12)

BPY = 1000 - .0961 x.RD x 10-2

RD max was assumed as 120 percsnt corrnspondirg to the value
used 1in Computer T26. Following the policy established sbove
fqr 1imiting STM max 1t 1s assumed that. tre BPV ca@ levels off
beyond TFof’ which is 9.35 seconds for 120 percént'RD.‘ There-
fore, a DF of 4500 was substituted in equation (3—12) to give
BPV min es 481.06 yards per second. Using the same policy for
RD = 100, BFV . tecomas 567.55. So long ss the present
mechanization is ret=inad, hcwever,ﬁthis latter figurs 1s only

significant 1in determining point f of figure 3-19.

Sine: .V changes will not be introducad in the BPY
cam, BPV max au*‘o:nh ically becomss the standa:d muzzle velocisy
or 103Q yards per second. 1In compnring the nsw BPV limits

wlth tha figures of 486 and 1180 for Computer 125 there hes

" been a 25 percant improvement iIn BFV potertiozater scalas

fwytor (EFV max - BPV rin)/.945 in yards rar ssconc par rav

oiubticn, This 15 atiridbutad to the Tatser trajz2ctory and to
Bha nev polloy of lLimit!ing ROV nln,

@ "~ CONFIDENTIAL
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Anothar parsmetar which 13 necsssny for the TH -

solution 1is XVC, in the equation
YCR? = KYC - AK - APV - TFR - RD x 16°%  (3-19)

which 1s a,ioriatlon.of

. &v‘ L

VCRP = AK - (a/MV} -"APV - TFR : (3-20)

K7C becomes

a

V =
RVC MV - ED

= 9,61 x 10”5 yards™1 t3-21"

- 9. Tracking Parameters
Ths tracking psrameters are L max, LPR max, VPB max,
- AL, DO} max, TFR aax, and 9FR max. The possible raquirement

for increasing L mex for the 37-mm computer has been studlied

somewhat in the design depsrtment. Lead sngle curves for
various 800 mile per hour target courses have also been com-
puted and ars present=d in Figure 3-20. Similar curves for

other target speeds will be produced in the accuracy snalysls

and all pararasters will be studied on the basis of hit probabll-
ity. A final racommendation for L mex will then be determinad. .
Neans¥nile, on the assumption tha: 1: might go as high as 57

dagraas, » tantativa valus of cos L min was specified »s 0."9.

e € wemsbe e
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LPR max and. VPR max hnva besn ratnined as 1500 and 1226 mila
a7 33cond respsclivaly until the tqrgat‘cour:e'studies:are
complete.,

-

The aiding-conﬁtant, AK may be changed‘as " result
of the servo sgsbom studies. If gre atly 1mp‘oved deflecticn
, servo response 1is predlcted from that studj, B rgdp"tion in AK
- would be possible.- This would improve ST, n3 9 rasult aqf the
smoothing reduétion. on the o.her hand, it may prove necessary

to incresse AX to improve stability at lcwer TH values. For

)
o s o e 8 A b o+ g e O A= DT

the time belng it will be assumed thnt AK will remain 0.33,

S _ !
as it was for Computer TZ26. , : '

- The maximum retes of range (DOR max) and time of i
f1ight (TFR max) will be determined by the maximum speeds of

their respective s:rvo motors. Until the servo studles progress

eo—

further it will be assumed that the Kesrfott R112 motor will
be used. - This motor produces a maxlmum speed of 10,000 rpm, as

connected in Computer T26. This results in a DOR max of

10,000 ‘ e : '
-—ga——-x 20 yards/revqlution'= 3333 yards per second {3-221

Assuming ths same genr rantio is maintsalined to tha

ten-turn helipot (to overcome potentliometar fricticn), the - {

new DOR max would bs

1'_ noR _ new notentiometer travel yards (3.2
N j72 W - - ’ 1 - ’
32X 126 potentiozeter %ravel yards 3-23

e e WA E
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égg%-g'x 24 = 4006 yérds per second (3-25)

In the Computer T26-thefe was a gesar ratlio of 9:1

 between the TF motcr and potentiometar, which was found to

"be criticsal from the standpoint of 1imit stop 1irertia. To

improve both TF acceleration and mechanicsl advantage against

’friqtion torques, this ratio is changed to 20:1. The motof “

shaft value will be the potentiometer shaft value divided by

this géar ratlo, or 0.05 saconds per revolution.TFR max becomes

10, 000 -
% 0.05 = 8.33 seconds/second (3-26}

Assuming instantaneous scceleration, it would require
only 1.14 seconds for the TF servo to slew through its total
travel at this ra%t9, which 1s better than ths 1.8 saconds ra-

quired fer the range sservo,

Ths RP servo reguirements have not baan considered
extansiveiy as yet, although they should includs high sccuracy
and a slowing btire equal to that of the rangs servo. Until
further study 13 completed, a motor to potentlozatar ratlio of
€0.4 o 1 is raocommendsd. This will Q§ply to tha three-turn
potantliomters glso, «o> tha braedtoard pr-gra=. The rasuls-

tng volua of RTR max (Jor tho tan-turn potansicmater) !s
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10620 ‘ 204. ® 3.2/ seconds? o i3y
+ ‘e . . o

6. Summary
The tentative pnarnmeters 3o fsr detsrminsd sre

tabulatad as follows

- TABLE 3-1
COMPUTER SZNSITIVITY PARANETERS .
Military - B | -
: . Characteristic Free Travel) Pres Travel Potentiometer
Variable Value Objective (Breadboard) Elec. Limit Units
DP max- 4500 - . . . yards
RF max 4.0x . 4.0 3.92 4.0 mps/mil
RF min .0586 .0556 '0.0616 0 mps/mil
DO max 8287 8287 ‘8287 8500 yards
DO min 244 200 213 0  yards
TF max 9.47 9.73 9.73 - --."10.0 sess
TF min  0.25 0.20 0.27 o secs
TABLE 3-2
DIFFERENTIAL BALLISTIC PARAMETERS
Variabla | Valus S Units
RD max ' 120 %
RD min . not determined yet 4
MV max _ not detarmined yet : fps :
MV nin : ' not daterminad yat b, _ - fps
D # RF msx may hove to ba raduced in Yodel 2 to lmprovy 7@ sanyd scals
factors, ‘2svecially 1f s1ida wirs posontlomesens or-va 3t faralilas
Furtnarmers, fhe coursa pro®abillsy stullaos =sw Inlluancs Shty
Sarimaiar, CONFIDENTIAL
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TABLE 3-2 {CONT.)

 Vartabls  Valus  Tnits
WV max ' ' " not detefmined yet o ;hph
T max not determined yet v  °F
- T min N 7 not determined yet °F .
, 3PV max ‘ 7 1060 yps ‘
BPV min ' 481.06 yps | ‘
KVC '9.61 x 107  yaras -1 3
‘TABLE 3-5 | | <
. COMPUTER TRACKING PARAMETERS :
Variable | Valus Units
| erax : not determined yet mils ‘
L min | 0 ' mils i
cos L min 0.73 -
AK ‘ 0.33 -
DOR 4000 ' ¥ps P
TFR | 8.33 sac/ sac %
RFR , 3.27 secs‘2 E
?
‘It i3 likely that the parameters whizh hnve not been 3

spocified will be establishad during the next quarter,

~3
-
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SECTION IV

SERVOS3
A. INTRODUCTION

| Invsétigebion of.the azimuth power control‘sQrvo
qesign;gas‘started-about'ths middle of Cctober, 1952. This
servo is to b; an electro-hyaraullc servo of ths conventional
"A" and "B" ehd~type; designed to megﬁ the requirements of
the new system. Tha initial decisions are based upon estimates
of turret and gun inertia snd déta on thé‘gun reaction torques
expected If the Armour soft mounted gun is used. Computaﬁions
for the Dixon gun and the hard mounted Armour gdn will be made
‘later when recoil forcs time dlagrams asre avsilable, Maxlmum
‘veloéi£§ and maximum acceleration requirementsiplaéa further

restrictions on th2se decisions. Mechanlcal packaging end

substitution of some Stinger dssign influsnce the flnal choice

“and arrangement of baslc componants,
B. B*SIC RZQUIRZNINTS

l. Performance |
The maxlﬁum valec ity of the turrsat Is to be 90 degraes
por sa:cnd.. The maxloum un&ﬁntrol!ed accaleration of turret
will b2 200 dagreac pars sacond squared, whila the naxiﬁﬁm

conzrcllad accalaretion will b3 100 dagress por sscond squared.
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5. Loads SR - . o - ,l :
ﬁased on the A:ﬁour 37-mm soft mounted gﬁn the
eatimztgd‘;urretvaﬁd gun 1inertia is expactad to be 2000
slug rt2. The average torquse with one gun firing is 64,000
" pound inches (figure 5-11). | |

3. Mechanical Considerations
Tha electric drive motor, transmission and associg-~

ted controls, and the azimuth gesr box sare to be a packaged

unit which will be removable from the top of the turret (figure
4-1). Investigation will be male to determine if ﬁha'prssent

Stinger gear box, whose gear ratioc is 232fto 1, msy be used.

4. Csalculations Leading to Choice of Transmission
~and Components.

Torque required to sccelerate 2000 slug ft2 at

100/sec® or 1.75 rad/sec® 1s o e

Ta = Ja = 2000 1b ft sec? x 1.75 rad/sec?

32500 1b ft at turret

The hydraulic motor or "B" end torqus required is

_ 3500 1b ft 12 in

Ty 232 T Tt

The avera_e gun raaction torque (ons gun flring), assuming a
torqua arm of 21 inches and n average ranction force of 3C55

, rounds is

s A 18 o st 8 e

T2t = 21 in. x 3035 ibd3 = 54000 1) in.
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This torgquo reflected to the "B" end i3

_ 64000 ib in

Tg 232 = 276 1b in

The total of thess two torgues 1s 457 pounds inches a3 seen

at "B" end. The Vickers 3915 hydraullc transmission‘which is

ratad at 735 pound incanes at 3000 pounds per sguare inch or
1088 pound inches at 4500 pounds per squars inch i3 a3 likely
choics bagsed on these statlc considsrastions. The maximum

pressures undsr the abovevmentioned conditions would be

775 1b in _ 457 1b in

3000 psi Pm

Solving: P, = 1900 psi.
Considering the peak gun reactions in the static

sense it will be found that the peak static torqus reflected

to the B end is

00 1b i
- 9100 8 x 21 inches = 823 1b in ;

Tgp 232 ‘ ]

The corresponding prassure 1is

il 735 1b in .. 823 1b in
3000 psi Pgp

Pgp = 3400 lbs per square inch.
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It ics saan tharaforas, that frcm the static point'

of view pressuresvabcve 4140 pounds per square lnch would

‘not be excaeded_end thaseAwould'only'obtnln at points 30°
from courss crossover. Therafore, very simple rellef valves
qu the spring znd ball.type.may be used and thess zould be

'set to actuats above 4140 pounds per square inch, Thesé may

be mounted in the valve plate of the variable displscement

‘pump (or"A"end) than sliminating external rslief vslves and

the long piring associated with them. In this manner an
effective reduction in "oil under compression" volume is ob-

tained which is very definite advantage as will be discussed

.'later.

These tentztive conclusions may be sltersd due to
either the use of s hard mounted gun whose fire may bs syn-
chronized or as a result of the dynamic analysis as 1lndicgted

in paragraph D.
C. STROKING AND CONTROL MECHANISY

1, Pilot Valvs and Power Fiston
A power plston will ba usad to drivs the "A" end
ycke and a pllot valva wilil bse used to aétuata the power plston.
It is tentatlvely 4'ac:Y.:-’.s’cl to use a soiencld or a tcrque motor

to drive tha pilct vslva similar to tha ons prossntiy used in

Stinger. Thl3 i3 justifiad by tha Tatter fragusancy respenss of

- CONFIDENTIAL
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tha solenold over stroks-searvos. Porl&xampla, ths frequency

responsevot a torQua motor driving a pure inefiia load and
built by ths Mldwes sern JC:;hyaLvﬂl Laborator? is do#n 5 db

at 100 cycles per seﬂond, -50° phase ahift at 100 cycles per

rsecond, and peék at abdut £00 cycles per second

. . "‘ .

; e “

~ The pilot valve will be'desigﬁéq to yleld maximum
accelsration (2CO°/sec2) when 1t displaced 0.015 inch frdm
center position. This cbmparitively large displacement was

chosen to reduce the effects of changing dimensalons of the

housing and linkages due to changing temperatures and also to

relieve somewhst the dimenslional tolerances. Further, 0.015

inch 1s a reassonable maximum displacement to require from a ..

soienoid torque motor with about 20 to 40 millismperes siéﬁgl

input.

The powser piston will be bullt with a large diameter

so that large forcas will be avallable to drive the yo 3, thus

minimizing the effect of load rsaction forces on the "A" end.

The powser piston will have an area of 2 square 1ncheé

and a stroke of 1.687 inches. The require@ volumetric rate of

flow into the power piston to yleld maximum acceleration is

0.485 gallon per minuta,
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lactric Drivs ¥otor

tl.l :

2.
Ths pump must bs run st a constant spesd of 3600
revol&bibns per minuts if'the gear rstic 1s to be‘232 to 1.
If the elsctric drive motor runs at s diffarent speed a3 in
caliber .60 S*inger, it 1s necessary to 1nuerposa & gear box
‘ betwaan the motog and the "A" end. Regnrdless, the requirasd

horsepowsr of the motor may be sstimated as follows. ’ : » i

Haximum.Required Horsepower = hp = JT“P Ap + power losses i
~in which Jp = total turret lnertia = 2000 slug ft2 i
VT = maximum turret velocity = 90°/sec = 1,57 rad/sec , !

, » Ap = maximum turret controlled acceleration = 100°/sxe<.:2 =
1.75 rad/sec?,

Power losses. estimated at 2 hp (power reQuired to pump control
prassure oil, system replenishing pressure oll,

and pump losses).

2000 1b ft sec2 x 1.57 rad/sec x 1.75 rad/sec2
550

maximum horsepower = 2 +

= 12 horsepower
Thus an alectric motor is required which has good

speed regulation over the range of 2 to 12 horsepowers. This

et A o it i e O Y o B o

, ® Goca spead ragulaticn is requlrad in ordar to aintalin linaar
!} ] errors dua to astcalarations rog-rdless of tha horsercowar

. ‘darwandad of tha 3ystan.
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i3 a consar?ativd figurs and 1s based upbq the improbable

cpndltioa thét—tho maximum velocity and maximﬁm accéleration

will occﬁf at the same time. However, it should bé noted
that this condition does cccur during breadboard tesﬁlwhen.

the test constant-acceleration course 1s used to eQéiuaté*éervo
- acceleration errors. It is balieved that this conservative

éstimate is juStified to compensate for possible incrsase in

inertis over that estimated,

Tne azimuth electric drive motor prasently used in

Stinger (Dishl SS FD168-2200-1) has a spesd regulation of

7.5 percant over this range. . ' : i

3. Other ¥echkarical Considerations

Ths hydraulic control system will be bullt along

- lines similar to that of the present Stinger azimuth system.
'Specifically-tha control presssurs pﬁmp, raplenishing pump,  §
solenoid, pilot vaive, snd the stroke feedback mechanism will
be integral with ths basic pump or "A" end. An oil cooling
systom will be included operating from ths overflow oil of the
two pumps. This lsads to the ndvantaga of teing abla to use

a smaller pump, possibly bullt into tha "A" gnd cover, and

locating en oll cooling system rerrotaly with respect to tha

powar controls.

1

i
3 L
1
, 1
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The pllot vaive - solenoid‘linkage %111 be :siési;neéf
It 1is pfesantly contemplated that a 0,020 inch dismezsc stesl

wirs will te usad'cO‘transmit motion from the sclenciZ %o %he

’pilot vnlva. This wire would be fixad to tke s~lsnciZ s==

‘and fixed to the back end of the pilot valve sleeve. Szlazc-

ing adjustments will be made on the slesve outside o =*o case.
D. DYNAKIC CONSIDERATION

1. General
The preceding considerstions were based on z=e static

characteristics of the system which must necessarily Ze satis-

fied. However, the system 1s dynamié and the previors ieciéions

must be examined in this 1light. The dynamic analysis =ey show
that the above choice 1s entirely inadequate aud a Z2Zfarent
size transmission méy have to be chosen. The foilcwi=g worx

has been done.

2. AziImuth Power Control
The azimuth power control servo 1ls broken Icwn inso

the block diagram shown in figure 4-2.
The notatlon used is

- 9(t) = 232 x 9: (t)

94 {t) input to azimuth power control servo

u
0
w
[ ad
v
[
Q
1§}

1 dt) cutput of azimuth power control serve {risTet
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el{t) érrgr aqusl to (31 ; Qo)'if H = l'
OB(t) "B" and or hydfauiic motsi-position |
% equivalent system spring constant reflectad to "B" =nd
Jq equivalent goaring and "B" end inertis rafléétad to
"B" ond |
g eguivalent load inertila isflected to "B" and
,‘TL(t) load distrbancé due to guns‘firihg reflacted to "B" end
v (¢) the éA" end yoke displacement from neutral (radians)
Gl(t) ~thé-servo transrgr‘fﬁnction
H (t) is the major loop feedback :trsnsfer function

Go(t) the hydraulic transmission plus load transfer function

The quantitles which are functlons of time arse
indicated by (t). Al gquantities have been reflsctsd to the

"B" end shaft value rs determined by the 232 to 1 gear ratio.
5. Transfer Functlons

The equations for Go will be developed. These ara

g,0t) »
——— with Ty {t} = C - {4-1)
ylt) =

This formula will be usad for ths sarvo design study.

and

9 (t)
- {with y(t) = 0! (4-2])
TL§t)
his forzula will bs usad to investlseta the affact of gun
iring on turred moslon,
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Thess equations w11l be davalopad. as opan loop

; équatlong with H = 0.

4. Transmission
The transmission consists of a varisbls displacemeﬁt
pump or "A" end, = fika@ displacbmentumqtor or "B" end, and

| connscting plpes. Associated with these‘compbnents'are'the

following parameters

y{t) "A" end yoke displacament from nsutral (radisns)
Sp(t) quantlty of oil pumped per unit of y (ft?/sec per

radisn of y)

Qb(t) quantity of oil pumped (Spy ft3/sec)
L Leakage coefficient (ft> per sec per 1b per re2
| of differential line pressure) | i
q,tt) Leakage (= L P ££9/sec) %
P (t)  differential line pressurs (lbé/fte) ;
Om (t) motor flow {= dm hii? ft3/sec) ' i'
dm motor displacement (ft5/rad). !
dogtt) ‘ §
-5 B" end or hydraulilc motor velocity (rad/sec) i
Qu 011 flow dge to o1l compression (=-§% ft3/sec) 'z
Av Change in volume of oll under ccmpression %
(= ﬁ‘i P rt3) il
v Volume of cil under ccemprassion (£53) _ ‘ ;
3 Bulk modulus of oil (1bs par t€)

S CONFIDENTIAL
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S. Pumg Prossure Equaticns

J X

= 1 .2 :
z -2 - -6.) —- N -%.
A i R 14-3

n

where S = gg = J» (uéual opérntor notntion)

LJ | | | e

1 LX
Q - —— 2 - — - . -
1= LP—=35 493 o (80 -0y | (4-4)
. o, | o
Qm =‘dm ;:-= deBB {4~-5)
W L T g (eo—emil
~ dt B dt Bdt |dm B dm
' v | ' XV
= - - (4-6) ;
B dn B -~ S (8o - 8p) Bdm 4-6 .
Qp - QIer-;dc-rspY | | (4-7) |
SY {—-]‘ 826 --%(30-631]4 deé’Bi» » é
vJ '
1 KV
( - S (Bo- 6, — ta--8)
[Bdm 05 - S (o by Bd:n}
. Solving Eq. (4—8) for Qg '
N i
LK V
. - s Y + Ti-m- 1+ BL s] 8o {4-9}
B yJ -
: LK 1 2 dnme Vi
————— — 1
dn [BLK +Jy kS [ ix * au} S *‘]
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6. Lcad Torque Zguatlons -

J

; 32 60 =T, + 8- 003 K 14-10}
'Solving Zq. 4-10 for 9o
+ 7y

)

7. Eqﬁatlons 4-9 and 4-11 suggest the block diagram

{4-11)

of figure 4-3.

8. Hydraulic Coefficienté
' ' | The foll&wing hydfaulic coefficienté wers obtained
| from Vickers Data Summary SE-18a and are fer the 3915 units.
‘Sp = 1. 519 in® /rev = .lft /sec per rad of y

L (total for ";" and "B" end)

| : o5
2 x 0.62 1n® /sec/ 1000 psi = 4.95 x 10-9 ft
~ PR ~sec 1b

Am = 1.519 4frev = 1.41 x 10-% ft3/,4

The bulk modulus coeffivient is *hat of *he oll

presently used on Stinger.

B = 238,000 1b/1a2 = 34.3 x 106 1o/p2
The volume of oll under ccmpression was astimated
3 .
at 11in (brsed on 30 inchas of pipa langth; 3/4 inches in

3' Qlamater plus the oll withln "A"™ and "3" ani),
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9. Mechanlcal Coefficients |
Although the turret end gun inertlas (J,) have been
s3timstad At 2000 stug rt2 at'thefturret,'the inertia Jy and
the :pring constant have not yet been estimated. It is
Ammﬁgnticipaﬁed_that‘Jl will be very smail and X very large which

will result in a considerabls simplification of the equatlons.

10.7,Transfer'Funot;pn Coefficiénts

The transfer function cosfficisnts pressntly known

are L ftz
—_ ) 5———— (K 1b ft)
o () 3.48 x 10 S——7 (K b
S, ' .1 ft3/sec per rad of y
J Ji 1b ft 2
‘lLl] .0374 sec Lj—' ___:_’__s_e__o;__
BL{ K LK 1o Tt
- {_{i] [j; 1b ft se02]
LK X 1b ft

d22 {1} 1 ]
[ 4.05 1b ft sec [E—TS—F;

EE .0374 s=ec
Ja Jd2 1b ft secgl
K £ b ft

g
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“The block diagram witnh known cdefficients inserted is shown

in figure A-4,
11, Output versus Power Piston

o ) 1 Gy Gpp . |

8 ) o= 2 .

CFor Ty (4) = o 22 tM . 2 22 ¢,  (4-12)
| | v B 1-Gyy Gaptly

.

~

Substituting transfer functions

ALY _ 1
yit) 4. v 3.4 - A ]
. 2 -
| 51131 x1075—2 5%, 3.48 1075 == 53, {14‘1"10_57’ 131 %1075 J,
| | | (4-13)
D + .131x1075 .Jl}s2 + [3.48x10'5 Jp+3.48x1075 J1]S+14.1x1o-5

12, Output Versus Ldad Disturbance with yi(t) = 0

. | \
g (t} g (t) Jd J 'y g_tt)
(o] 10 O - —5 1 3 1 2 '05 o

= . = . — — 5 ~—= +.0374} S+1
T(6) KRGy,  yit) 3.48x10 { 0374 X S9 4+ z +rx + .037 +

yit:
= Gz‘ - 4 ' (4-14)

13. Application of Equations (4-12) and (4-13)

o (L) _ :
The equation Y (¢ G2 for T;(t) = o will be

usedlin the dévelopment of the servo. The multiplication of
0}2 by Gl yields the open loop transfer function of the servo.
in the initial design work, neglecting certain terms wili'prove
exped;ent in indicating tne proper approach; order of mégnitude,

ard kind of transfer funsztions necessary. For exanple, if X

= CONFIDENTIAL
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approaches @ and J, Approaches O, Gfg will reducs to
. . . B !1”
_Gg-z- : ' - ) —
T os[i131x167% 557, 3,48 210750, S+14.1x1075)
| | - o - | (4-15)
710 . - |
8(.000%46 5% +.0915 S+ 1)

Considering SG'Q (which is simply thé transmission
function of "B" end velocity versus yoke position) we find the

peaking frequency of ths transmission as

—33 ~ 0003456
CJO .
w, = 53.6
: .6
fo = 5gﬂ = 8.55 c¢ps

The damping coefficlent 1is found from

2 | o915

C"o
T = .245

This damping coefficient corresponds to about a
6 db peak.

It should be noted hers, although 1t has not been

| | : 2 A
shown explicitly, tha% ths coefficisnt of S I3 proportional
J ) .
to % 35 and that for > to be large this gquansity should by

small. This i3 ths r2ason for wyntine the velum of otll un}ar

i e

comprassion kapt small
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- Purther bhe';befficieﬁt ofitha S tarm 1s>proportional
td é%% and«thus'the‘hngnitgde ofvtﬁa peak 13 1imited by #he
‘rleékage,r ' |

' This expression may be further simplified by-neglect-
ing the peaking effect and éssuminé A magnibuda4frequency‘curye

for 62' of the form

. 710 A | ,
AT -
Joyl +53-6}

This is‘plotted with a decressing slope of 20 4b per decade to
« = 53,6 and then 60 db per decade.
This procedure simplifies the inltial design work.

The final design would be checked with the complete transfer

-function involved.

14. Applicsation of Equaticn (4-14)
" ‘
Ths equation %’__{_’g_%. = G will be ussd to find the

o .
effact of disturbing losd torques on the system. This investiga=-

tion may be madse in two parhs

(a) Considsring the effsct with the s:rvo open leoop
(H = 0) and with y held in the natursl or zeoro
velocity position.

{2) <Jonsidsring ths offact wlth tha sarve loop closed.

LI}
(]
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~ Tha former mry bs lnvestigated pathear esarly 1n the
study becaﬁsé 1t,involves only trhe use of 3 unknown constants}

Jl, Jz, and K.

However, ths latcer investigntion depsnds upon the
development of the servo and the associatad transfer functions.

This investlgation 1is necessqrily delayed to s later date.

The method of investigation will be as follows:
The Fourier series coéfficients for force-time cu?vs cf figurse
5-11 are computed as dutlined in Sectidn v, paragréph A(G).
Each component sine andvcoéine wave will be,applied ﬁo the
fransfer functions separatel} and the output magnitude and
phase calculated. These outpg%s wiil then be surmed to give

the resulting effect of firing one gur,

E. BREADBOARD ASSEMBLY

The actual bresadbcard work ls progressing as follows:
The "A" and "B" ends have been 6btainsd on a consignment
b;sis from Vickers., An electric drive motor and a suitable
mounting table have been assigned The power piston and brackat
are mounted on the "A" snd. Almost all the axternal pumps
and assoclated fixtures are available =nd qré now being

assembled,
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P, FUTURZ ACTIVITY

Cata #ill Ba tsken on ths tentatlively proposed pilot
kvalvé and sclenoid in order to obtaid needed‘design'informé-.

‘tion. Study is beling dons to detarmine the coefficiént; ﬁee-
essary in order to ﬁse aquatio@gwé-ls énd 4-14, A preliminary»’
3ervo deéign stvdy will be made to deter@ine the'feasibility S .
of using a maznstic amplifier in place of the conventional_" .

amplifier,

Ho work has been started on the design of the 3ale-

vation power control system or the remaining sarvos.

s

code

e

i~
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TURRET AND VEHICLE STUDIES
A. AYEUNKITION STORAGE *rn':.mz.mm: ZID, AND GUN MOUNTING STUDIES

1. Ammunition Stobagé
A c*ude mock—ua of 2 shelf-type ammuniticn racking
o sy,stem was made {figurs a—l) .Belted rounds wers hung in

verﬁiéal‘qolumns suspended from two rounds which rested on
tﬁe shelf: The iinks passed thru a slot in the center of thé
shelf. A band sawed sprocketyéimuiated the booster. On the
basis of trials with this mock-up this simple racking scheme
:t appears feasible,and 1ittle further study will be devoted to

the ammunition storage problem.

2, Booster Performance
Given the gun.firing raté, the round wsight, the
length of ths extsrnalichut;, and the assumption that the
belt tension immediately abcve the booster 13 zero, the ;
d931gn problem concerning the boos er is to find the time

available for the booster to come up to firinb spesd and the

mobor performasnce rsquired to accomplish thls. The prelimin—

ary analysis of ammunition booster action described 1ln the
first quarterly réport assured tha: there wars twently close—

coupled rounds in the external cauta and naglactad the e?fect i

| ¢
¥

of link flexibility. Thase assumpticns would bse correct

0
rl.
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roé tha first bur t nfter rolanilng. Fowaver, If tha
© ammunition {in tha magazing ware notfexpendéd in tﬁ§ first
; burst,,(a likaly ewant lt is corceivabls that the boostar
| could pnsh pernsps [lve rcu**s irnto the chute upon comple~
tion of the first bursy, In this svant, at the start of the
| second burst ‘there would ba _only five Close-couplsad rounds ,
in the chutes, the remaining rounds being coupled togsther |
.by extended linka. The tima a7a1lablae for the booster to |
' come up to speed would then be correspondingly shcrter. An

attempt was nade to analyze the nction of the bel: by includ-

ing belt flexibility. This analysls proved qulte complex ‘and

was discarded. in favor of the analysis describad talow,

The stretch of the bel: during the boostar Accelerat-
Ing period is made up of tvo offects:

(a)  The stretch of the 20 round belt due to link
flexidbility,
{b) The extansion of the belt arising from the fact

that the five rounds are close-coupled at the start

of the burst; during the burst they ars extonded-

e~

coupled,

It is rséspnable to assume that the 1ink stretch wil) =

be maximum near the gun end zero izmadlq,ely atove ths booster

!! whera the balt tansion is qss'~ed to te zaro. ¥Xith a =axirum v ' §

31 - CONFIDENTIAL ‘3
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permissible 1link sirotch of 0.3 inch per round such an
assuription leads to a maximum belt extension of 1.1 inches

} durihg the perlod in which the booster is hccelefating;

The extension of the belt dué to the lost motion
in the links is 3.1 Inches; the total ?ermissible velt ex- -

_tension is then 4.2 inches corresponding to 1.3 rounds.

This conversion is made becsguse the following anélysii is

carried out in rounds per minute.

If we assume that a 28 volt, d-c motor is used to

powar the booster, it mighﬁ have a sprocket force time curvs

P similar to the curve of figure 5-2, which has been simplified

for this anélysis. The sppoékst force would be high at stall

conditions and would decrease rapidly to the stegdy state

condition where it might be 41.8 pounds corresponding to

the weight of the rounds hanging on the booster in the

magazine.

During the accelerating period when O t{tg, we can

express the booster force (f), in pounds, In terms of sprocket

stall force (Fs).and the time in ssconds ror acceleration i

(t,) as follows.

| |
: Fs"41~8 !
F = Fs - t {5-1)

= CONFIDENTIAL 4




~ The boostsr 1s supperiing tha m-

o :
:the ma

4

azine or stout 1.3 3lugs,

'  Thefnujbcr:of rcunds per foot of -belt = 12

Ths belt acceleration a2t ths booster will be

3.60x1.3  |3.69x1.3 t,

7 [ Py -41.8 i
= t

P, - [75-41.8)

79 7 (479 t,) :

At the end of the time ta! the booster spsed willl

»eQual the firing rate of tha gun, 16.6 rounds per second

(1000 rounds par ninute), or

[ adt = 16.6

ta | P F_-41.3
- f s - S
o 14:79 4.79 ¢,

ti dt

- .
[
-

carrylng out the 1integration asnd simplifying gives

- 159
Ps +41.6

e d
1%
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This expresses,>under the assumad conditions, the time re-
quired—for ‘ha booster to come up to firing speed as a

X
function of booster stall force. During thls sccelsrating

time, the totalrnumbsr of rounds entéring the chute will

be glven by the expression

‘ta t g :
[ [ade dt | (5-5)
o O

The rounds leaving the chute will be 16.5 &,.

The excess of the number of rounds leaving the chute over
the number entering the chute will be the permissible stretch

of the belt, 1.3 rounds, or

Lot t |
16.6 ta - [ fadt = 1.3 (5-6)
- 0 0 L ]

Substituting equations {5-2) and (5-4) 1nto equation (5-6) gives
Fs = 652 Ibs,
and substituting this value of Fa into egquatiun (5-4) gives

ta = .20 seconds.

[£0)
-4
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Total balt pvll 1t thn bcostar at tna start,

[pccele.,,inb force} + {fricticn] + |welight of rounds , . .
: . ’ hanging frcm boostar '

€52 + 100 + 42 = 794 1bs,

Assuming 2 56 to 1 gear rabio oetwaen motor nrmabure and ‘ -
sprocketi, tre 1"sxcmired motor toroue to producs this belt

pull = Z:i_ggﬁ;g = 68.1

ns*imated in ertia of booster armature, gears, and sproaket

is .016 in-1b-secZ,

Required average srmature acceleration for a motor having a

full ioad spsed of 60C0O rpm

5000 x 27
- 0 rad/sec?
> 760 x .20 o140 ra
Pegk armatureiaCcelernting torque = Ja = 2{.016 x 3140) in 1lb % ‘%

© 100.5 in 1b 3

Peak booster motor torqus = 100.5 + 68.1 = 168.6 in. 1b at start.

For a gun having a firing rate of 500 rounas per minute wlth

a d-c¢ boostsr, the corresponding values sare:

F, = 161.6 1b,

s .
5, = 75.6 - = oP sec
a ?s+ 41.06

Paak motor torgque = 13 in.ib. at scart.
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QIr powe" supply were changsd

1

to a 1153-vclt, 40C-cycls, thres phase 3y3ten, tha requirsd

‘booster rotor porformance has tzen analyzed tezr-2d on the use

of an ll;GCO'rpm a-¢ motor with differant aterting chsracter-

-
(4]
<t
(2]
Q
5]
.
be

or

ta

ueh 2 mobtor {igure 5-3 shows tre assumed boostsr

sprockst force vs. tims ralatiocn.

In a3 manner simi1qr to tnat des"rited above, th
cc%respondiﬂb valuas for a 1002 round per minuts gun with an
a~-c booster ars

Fg

3 "

Peak motor torque = 16 in-1b.

i

S70 lbs.

i

.14 sec.

and for a 500 round par minutexgun
Fg = 127 1bs.
ta = .31 sec.
Peak motor torque = 19.6 in-1b,

The design of the booster shown In ths first quarterly
progress report assumes the performance required of the d-c
boostsr for a 1000 round per minufe gun, Pigure 5-4 shows ths
d-c booster for a 500 round per minute gun. No layouts of sg-c¢
boosters hava bsen mads, thcugh a preliminary inVast¢gat*oq
showad that the a-o rotor f"ame sizes for thevrequlrad torques

wers not reasonabla.

69

(69
W)
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Escnuse of ths lar;e moSor currants azpactsd, 1t is
folt that a currant overload relay would bes mors sultablse for
protactiva purposes than a stall switch in tha svent of s gun

“or foed jam.

3. Gun Mountlng

”’*DuringJ§he'1ast quarter design studi;s’of mounting"
schemes for ths ArmourAgun were started. A ccdsérucbiqn sim—
ilar to the welded cradlé and torque tube assembly proposed
in the first report for the Dixon gun is shown fofvthé
Armour gun in figure 5-5. This construction; although probably
quite rigid, would be unwieldy to manufacture since gccurate
machining of the surfaces which support the guns would be

carriad out on the complete assembly.

An alternate method of mounting elthsr of the two
guns on an interchangeable torque tube has also been laid out.
The probable schedules for gun development and mount develop-
ment are such that s final decision on which of the two 37-mm
guns now under development will be used for Stinger may not be
made until final mount design is well undsr ﬁay; With this
in mind, a bolted constructlon seemed advisable rather than
the welded schems shown in figure 5-5. An extension welded to
the racsiver of the Armcur gun and In turn bolted to the torque

tube is shown in figurs 5-8. These bolts would be reamed in

100 . CONFIDENTIAL
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placa after propar ralativo aligrmant of ths two guns had b2sn
obtalired aboui the elevation axis. Alignment in ths slant plana

would be machined in.

Such an arrangément does'ndt seem feasibla oﬁ'thQ 
Dixon gun. As a résult s cradle is propésed (figure 5-7; which
‘can be bolted to the torgus tubp., Whether_éuéh an arrangemsnt’
will be rigid enough to obtain g@ceptablefgun q;spersion
pébterns #will require further 3££dy’when'mors com?lete kinamatic

diagrams of the gun reactions are avallsbls.

4. Equilibfator‘SpringS’

, o ' Work has continued on the equilibrator spring problem.
Studies of spiral springs such as illustrated in figurs 5-8 for
the Armour gun end figure 5-9 for ths Dixon gun have shown that
this type of spring requires too much space compared with that

needed for an equivalent helical spring even though the torqué

dlametsr be reduced as shown in figurs 5-8.

. . Accordingly, it is proposéd that é kelical spring,
o shown in figure 5-10, for the Armour gun, bs used 15 Stinger.
This spring 1s designed to‘oparate 2t a maximum.axtreme Tibre

bstreés of 125,000 pounds por square inch in accordance with

the results of tha conference at Watartown *rsenal.
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S. Linxs

% layout of ths proppﬁed new linkvfgr ths 17-inch
rcurd in ths Diiénvguhs Wns recalived,. | (Dlxon drawing ¢eoc- 260)
It was further unds stﬁod that Armour was working on 3 pusn
through type of link, althoubh ne d"awinés of this 1link have as
yet been rsceived. It would seem that the rounds hanging 1n
the magazine would be more secureliy held by g push through type
of 1ink. In operating the mqgaziﬁe mecckup refefred to earliesr,
considerable difficu;ty was experlienced with the old 1inks in’
tnat they raleased the rounds easily. No attempt had besen
-made to duplicate the weilght of the rounds in the m00kup (the
mccked up rounds weighed about six pounds. This tendency to
release rounds from tha links might not occur in a statlic mééé;
zine, but might be dangerous in a moving vehicle or when the

rounds woere b2ing handled by the booster.

6. Recoll Forces .
A typlcal receoll force - time diaéram (figure 5-11)
was recaived from Armour Ressarch Foundation for the soft
- mounted 37-mm gun, T172, firing at 600 rounds per minuta at
normal tempearaturs. An attempt has bsen msde to.campute 1ts
aqulvalant In the form of a slne-cosins Feurler seriés.ror use
tn the pows: ccntrol sarvo analysis. Such a ssriss WOulé have

tha form

> h o]
FTAL T A 3ian at ¢+ R osozn ot 5
» -

< e AaTs e oLt e i A pn e



Tha curvs waa divided 1ato m small pnrss of longth { A¢)
alcng the time axis and the ordinatos (F) =2t each point

measured. The average steady-stats force 1s

m

z P_AY

a.:KP__;__

3, A 3055 1bs

-t

The first hsrmonic was obtalned by considering that

MAt = 27
and computing the corresponding angle (9p) to each ordinate,
Thsn

m :
Z F_sinéfp
p=’

1 P '
T = 5995 1b.
m
2% P_cos 6fp
<1 P
B, = —= = -899 1b.

m

Computation of the raxt six harmonics was carried

“out in a similar mannsr. Ths results quhtabulatad as follows

CONFIDENTIAL
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TABLE 5-1

FOURIZR SZRIES COEPFICIZNTS

o 2055

Ay £995 B; -899
Ag 687 By -1591
By 78 | B | | -130
Ag 76 B, | _ -166
“dg am ‘Bg -524
Ag =55 Bg =232
A7 '_ -49 Br - 185

B. STRUCTURE STUDIES

1. Upper Structure

Deéign work on the upper structurs h;s bsen carried -
out under the assumption that 1/2-inch armor would be used to
protect the compcnents inside the structurs. It 1s felt that
the more complex ceontours of the pedestal (such as resr door-
and tha top wﬁiéh'humps over the trunnion and also forms a
foundation for the scanner) would be more easiiy fabricated
as castings. Making the top of a casting would facilitate &s-
sembly since ths trunhion and ela?ating go-r couid be installed

before this casting was bolted in place (figure 5-12). Thought

CONFIDENTIAL
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_ ére shown in figures 5-14 and 5-15.
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has baen givon te locks to fnsven tze door in placse. One

form of a suitabls lock 1s shown in fivura 5 13.

2. Lowsr Structure

With receipt of vehicle drawings from Detroit

prsenal, dasign work was started on the Stinger lower structure

and on adapbation of the vehiclse to Stinger. It was soon

evident that the bottom support schewe-usad for the twin

40-mm turrat in the vehicle would not be sultable for Stinger;

mora effic$9nt use of the available volume in the vahicle

would be required. Work was concentrated on g top~mounting

scheme like that Fresently used for the caliber .60 Stinger. -

Clearance avallablse betwesn the turret and the vehicle walls

The largs clearances
available encouraged the extension of the turrst out under

the main azimuth driving gear. Assambly of the lower struc-

turs bearing will not be compromised since thsssa extensions

are to be bolted to tha main walded frame.

Exparience in the manufscture _.' tha rain agzimuth

bearing and gear assemdbly demonstrated that it would be

dasiravle to olimlnats welding of the mwaln frame to the inner
racs of the bearing, if possibls. :cco:d;pgly, 3‘ﬁasign study
of this problem wa3 mads and tha proposad conssruction 1s shown
In figure 3-13 #i::hr also shows tha rroposad increass in lowser

dtructure dlsmator balow tha taarling,

«
371
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3. Azlmuth Bsaring Joads
Anniysis CLE: mnde_of the efféétbof the expepted
firing'loqu’on ths,bearihg with a view ﬁo,detérminiﬁg if ' :
the;beﬁring used for the caliber .60 Stinger could be used. ' ;

ith a 15000 pouhd recoil fdfce of one gun acting as a

static force, it can be shown that s losd of stout 33,000

N

pounds is produced on the 1inner race 6f the tearing where
6he main frams is attached. Considering the inner race as

a beam resting on an elastic foﬁndntion, ths following

h - analysis wns made.

The foundation modulus is -the function which ex-
prasses the ratlio of unit load to unit ‘deformation in the
beam support (in this case the balls supporting the inner

race). Using formulas glven by Roark“the deflection of a

L i g e R g e e

ball against the cuter race is calculated.

Let: ry = race groove radius = -.663 1in.

| a2 b

ry'= race radius = -37.50 in.

r2 = ro = btall radlus

+ ,625 1in.

s Ut anas

o]
i

Young'!s Modulus = 30 x 108

el s ke

-2
1]

Polsscns Ratlo = .25

~ N e R - \inard
n, 3accnd 24., paza 77,

. - CONFIDENTIAL
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K = {5-8)
5, = 4 ‘ = 2.4 | o 9!
1 1 1 1 1 T , : 15-9°
ry Ty Ty Ty
0. = ar 1 1 13 o i ‘
6; = arc cos 7 5; o, |7 arc cos .888 = 27.4 (5-10)

from th2 chart given in Roark,

2.92

R
]

>
)

1.41

In 3 sirilar nanner, for the deflection of a ball

against thse inner race

05 = 26.7°
o = 5.0

82 = .47
X = 104

Tho total deflection of the ball agsinst the two
races {P is the load on the ball in pounds}.

‘l ‘Dz q Pn

Y 7 A + A - {9-111
B S <N
= L1729 PS8 g4

: -~ CONFIDENTIAL
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The detlectlon of the ball and races abainst the ball load f
is plotted in f1gure 5-17. ' oo

Security Informction

C‘= Foundation Modulus = E

‘whars P end y are as cefore;l = ball spacing along

_thé race = 1.93 1nchag, .

Values of C for various"Valuesyof P sre shown in

figure 5-18.

Let F = recoll force acting = 35000 1bs,

I = Bending moment of inertia of inner race : i ,
: - ; o
’ | = l.224 1n,* | .
?
L C
B T e e (5-12)
max - 2 4EI - 5

3]

307.5 4T

Since C is a functlon of P, solving by trisl gives 3
P = 8500 1b.

The original compu tqtious for this bea>ing indicated

ﬁhat a safe force psr ball was about 94C0 pounds, Howevar,

computations of tha contact stresses for beth ball loads ri\l

SRS

e checksd during the next guarter,

|
2
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Tha derivation of the equation used in the above
»co*putauions is based on an infinitely long beem. In usirg
the analysis it was falt that the innar race was aufficiently i

flaxible with respect to the foundation modulus that » reason—

‘able 9pproximation of . the naximum bnll lond could be found in

that way. A more complete analysis of the ball sction led to"
a dirferpntial equation of the form

dty

dxﬁ-

= Ky + Kpx2y + Koxty +Kgy% ©(5-13)

-where y 1is the deflecticn of the irnsr. race

- x is tne length of the race from the point of
’ applicntion of the load

Ky, Ky, K5, and K, ére constants
" The solution of thils equection is incomplete at

this tine. ' _ ' | ~ , i

4. Azinubh Power Transmission Spring Constant
- In th9 servo aquations devseloped in Section v, a

measure of the daflection of the azimuth power transmissicn

L i i

under load is raquired. Since tha gear bex will be similar
to the ona used on the caliber .50 Stinger, it was falt that

a daflectlion analysis of that unit would give s measurs of the

| | CONFIDENTIAL
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spring ¢onstant of a box which may be radesigned. In addition,
such an analysis would show up possibls methods of improving

ths stiffnass of ths trensmission.

.The_followingrfactors wera considered
<« Aaj ‘Torsional deflection of shafts
.'1b) ~'Torsmnal deflection of ‘gear blanks'
(c) 'Be;didgiand corpressiva deflection of ﬁhe

gear teath

The following factors were ignored as probably con-
tributing little flexibility to the system
!' | (a) Radial deflection of the bearings

(b) Bending deflection of the shafts i

Throughout the analysis it has besn assumed that
the various deflections are linear functions of the applied
loads. This 1s not quite true, especially with respect to :
the comprassive deflection of the gsar teeth.‘ In this case
the expected cdeflection undsr the maximum applied lo#d was
computed and the corresponding spring rate determined. Such
a method leads to a total spring rate based cn the maximum

expaected system torques; the trsnsmisslion will te somewhat

sorter for lighter loads.

ey
PREEETE ST g
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- Torsional deflactlon of a gear blank

]

Let G .'Tor?sion.al modulus
P = Applied tengential load - pounds
ry = inner radius of blank

= out".e;f radius of blank o R

3
|

9 = angular deflection of blank - radians
t = thickness of blank

G = P/2nrt P
- Ad ., Q8
—_— r2y, =2
r Ar 27r<y -
L9 P g
9 Ar  2mr2: :
6 Fo 1 FTodr 1 -1 1y 3
— = de = : — T — — e ] ) )
P 1‘_[1 2miG fri r2 2nGt [fi ro] _ :
_1.328x1078 |1 1|
t : :ri r,
Tojréional deflection of shaft = 0
’ 8 t
-_= <31 10~ -
= 5-31x "

‘Total deflaction of mating gear teeth = §

P FE 3, I,

L e pt R
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‘“where’?.z‘face width (inches)
y = Lswis form factor
2 = Elasticity form factor = _ y_ .
. ) . . ’ N N 3 L ] " + - ay
E = Youngs Modulus o

P = Applled load

Carrying out the indlcated computations for each member of the

geér train, rsferring all computa;ions to the B-snd shaft and
suming gives the torsional spring constant for the szlmuth
power gear box 4 . '

K = 46.88 x 10°° rad/in 1b.

S. RotaﬁionalvMoment of Inertia
| To enable the anaiYsis of tha‘ﬁéief control to get
under way, a prelim;nary estimate of system momenﬁs‘of inertia
in the elevation and azimuth planes ias moede. These estimates
were 1256 slug £t2 in elevation and 2000 slug £t in azimuth,

both of which were based on use of the Armour gun.

Mors detalled computations of the morents of inertia
have been undertaken. The only one which 1s complate at this
time producsd a value of X078 slug ft2 for the moment of in-

ertia in the elevation plane usihé the Armour guns.

C. VBHICLE

Clesarancas botwsen the vehicle walls and ths Stinger
lower siruciurs ara discussasd in parvagreph B of thls sactlon.

4 H »
Sinca thy twin $2-z= turrat prasently usad in b

P I
| C

* o
canisgia is
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supportad from balow, the praseﬁt hull structuroyaroUnd ths
~turrec opening 13 not designed for rigidity. ,Mounﬁing the
Stingér main basaring to the deck plates will require soma
reinforcihg, especially since tuss hatch openings 1ﬁ front and
,thg epgine c¢mpartmen§ in the rear reduce any lnhereﬁt'rigidity ' ;2
‘affdrded’by connecﬁiop’to the front and reasr walls of the |
vehicle. Accordingly, a‘proposad vehlcle modification to pro-
 vide more adsquate suppért of the turret sgainst road shocks

and firing loads is shown in figure 5-19.

D. ELECTRICAL PCWER SUPPLY

, | The csliver .60 Stinger uses 28-volt, d ¢ for pri-
mary power. Che of thé,main reasons for using such a primary
supply on the caliber .60 Stinger was the requirement for
emargancy battery operatioq on ths self propslled mount; the
‘trailed vehicle has no batteries for emergency operation.
Consideration 1is being given to changing the primary power

sourcs frem 28-volts, d ¢ to 115-volts, 400-cycle, three phase

‘a Cc.

The advantsages of such a changs includa
(s) Smaller wmotors may be used for azimuth and
elévation power drives,

{b) Radio nois> problem is simplifilad. ' B

{¢) Lina voltazo dreps will ba redusad,

o Wi S
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(d) Less qépper w1ll be neadéd.
(e)"uaintenénée on_néc'iotors_is'lov.
() Femsr commutators wiil be used.
(g) Inverters will not be necessary.

The disadvantages of such g change include

(a) Pilament transformeri may be necessary.

A | (b) Dynamotors may still;éé necessary for 250 V01t 
d-c requirements since rectifisrs might not
have satisfactory voltaze -regulation.

{c) ZElectronic power suppllies toTtake'the place cf

the dynamotors might be large.

{(d) Good speed regulation of the alternators would

v———

be necesssary. .
(s) Some d ¢ would still be necessary
(f) Relays and starting boxes wculd be larger.

‘(g) Battery operation would be sliminated.

Further consideration of this change-over is being

given to assass the detailed sffect of the change.

Provision has basen made on the s21f propalled vehicls

for one genarator mounted on the maln engine and for a second
genarator driven by an auxiliary engine. For the relatively
high slactrical power ragulraments of Stinger over that for

sha turrst prisently Installad in the vohicle, this would zean

. E)
. . vl
L g o esaniies M AR Nk
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that both engings would te running whei: Stingar wo 3 ln uss,

,ﬁlbernotives to this scheme would involvs nounting two 15 fv | B

5arerators on the main engine or of providing sufficient

auxiliary engire pover to drive these generators. In this

connection consideration has been given to *bs use of small

gas burbines such as are made by Air Research. A suitable

urbine package would be about 25 x 14 x 31 inches to which
the generator or alternator could be bolted Fuel would be
pumped from the main engine tanks by a2 small quster. Figure
5-20 shows a trial installation on the véhicle'sponscr;: This

would be unsstisfactory with respect to rosd clearance and oo

SN

vulnerability. However, it is felt that ﬁse of auxiliary
engines for driving the generator merits further consideration LQ{' 4
in view of the reduction in main engine operating time which

could be obtained,

i - CONFIDENTIAL 1
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 APPENDIX A
A GLO3SARY OF DIRECTOR SYUBOLS
'37-mm COMPUTER STUDY

-For ths most part the symbols used in the Stinger
'~have been obtainad by combining the inft;als of each word

.of each term. - Since in many cnses the ssme words are used

in different éombinptions; there ars actually relativély

few terms fo'bekmemorizéd; after the#e are 1earned, addi—‘
tional terms will be recognized’by’the different COmbinaﬁions.
Only English letters and caplitals are used. A "correction"
to a quantity 1s indicated by adding the letter C to the
symbel for the quantity. Likewiss, a "rate” or d/dt is in-
diéated by adding thé lettor R. Precesslion rates are only
indicated by the suffix PR. :Oécasionally, to avold confusion
.and dﬁpl;cation of lettering, a "fgte" is indicated by the

presence of a dot above the symbol for the quantity.

The suffix "Sig" indicstes the error which drives a

particular servo, such ns "LIG sig." Symbol definitions are

based upon the assumption that LBL and VBL are lntroduced

as precession rates. Symbecls not used in computer T26 are

identified by an astarlsk.

b es
(o]}
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AD

EK

ALL
AM

APV
AVL
BCY

BPV

Target bpprénch angle. -

Angle of dsparture

Basic smootxiﬁg constant (AK = .330)
("Alding Constant")

Approximate lnveral leacd (ALL-— LL - LLC)
Angulgr momentum of gyro (AH = Iw)

Aiernge projectile valocity

Approximate verticasl lead (AVL = VL - VIC)
Ballistic corrections to veloclty

{BCV=QZCV+YCV+TCV+MVCV)

" Basic projectile velocity

Component angle (between LG and LIG)
Cross tilt
Present slant range

Range rate

Future slant range

Firing azimuth (ss reesd by dials afteerrieataflpn)
Firing elevation (with respact to Qeék)

Forward tllt

Gyro elevation (GYE = PE - VIG). Also, 3YS only
equals true gyro elevation {3ys) when PSsig = O
and VLGsig = 0. |
Constant of acceleraticn feadback in darloctian

$3IVos.,.
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s - iConstant in fnst sehtling uiﬂcuit (kFs = 7 g%g% )
KRL - Constant in rate lag stabilization '

KDA - Constant of F# and P3 dsmping circult

KVC - Constant used in computing VCRF (KVC l= a/M7+RD)
L - 'tead angle, present to futurs position
I3 - Lateral ballistics lesd in LB pisme -
IBL - Lateral balllstic lead angle in LL plane L
| (LBL = IGBL + LBL) | “

o,
o
)
X
'

Lateral ballistic precesaion rate (LBPR = LGPR + LWPR)

IG - Lead with respect to gyro; gyro deflection

%
&
[ve]
-
1

Lateral gravity bsllistic lead
’ : IGPR: ~ Lateral gravity precession rate

o e e At e ot Kb s iy B e N

LGR - Rate of change with respect to time cf LG | .
LL - 'Lateral lesd angle, line of sight to target’ :
future position
L. - Lateral lead correction (from ;ém)
LG - Lateral lead, cyro to gun {aiso called lateral ?
gyro deflection)
LOS - Line of slght
L? - Lateral precession :
LPL - Lataral precéssion lesd | A%

LPR - Lataral precession rats at LPR ssrvo (LPR = LPL.3¥)

Ly tatoral prezessicn rete of gyressops (LP -~ LPR §

sa¢ LL3)

o
‘\
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X

LSM-

- LTG

QEC

QEVe

Latargl precession torque

RP input to lateral pracessiocn torqus multiplief

sin L
sin 1o

Zéteral sight angle, gyro to line of sight,

(LRP = cos LG-R7) g

Lateral motion of combining,glass'(LSM‘:’.ls LS)

- Lateral torque component perpendiculsr to gyro

spin axis [LTG = LPT séc" LIG)

Laterai wind ballistic lead

Lateral wind precessioh_pate'

Initial muzzle velocity

Muzzle velocity correction (MVC = MV - 1000 yps)
Muzzle‘velocity correctlion to veloclty |
Predictéd elevation {fron coﬁputer)-

Precession lead |

Gyro line angular rats ("precession rate")
Precession rate of fast>Sett11ng.(PRFS = PR+ 3
Projectile tims interval ‘

Quadrans elevstion (predicted lins with respect -
to gravity) (CE = PE + FT)

Quadrant alavation correction

Quadrant elevation correcticn to valoclty

Slant fanga at cross-over (3C = Rz) -

Range corractioﬂ to response fastor.

Rela*lvae alr dansity lnﬁparcént

Gyro rasponse fsctor rate per ualt laad anzle
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5 < Sighc angls, gyro 60 11ina of sight (S = AK éin L).
SCRP - Smdothing'correCtion to respsnas factor N

SE - Scenher alevation (with respect to zero PE 1lins)

SLE - Sight line elevation (iith raspect:to"zero-FE 1ine)‘
SLR - :Slght line rate (angular) . Lo

. S  SRP - Sight response factor (SRAP = RF - SCRF)

0

ST - Seottling time

1
STM - Modified sight line time of flight (STM =g3¥)

T - Pahrenheit tempsraturs
TCcV - Temperatﬁre correction to veloclty
TD - Target dimension
9 | TP - Time of flight
TFR - Time rate of change of time of flight

TG - Torque perpendicular to gyro spin axis

TLL -° Total lateral lsad angle LOS to Gun (TLL = LL + LBL)
TLPR - Total lateral precsssion rats (TLPRI = LPR + LBPR)
™™ - Modified time of flighi

TV - Target velccity .

]

TVL - Total vertical lead angie (TVL = VL + VBL)
* VBL ~ Vertical balllstics lead anglse (VBL = VGB + VW3)

%

VBPR - Vertionl bnllistics precession rate (VBPR = RF-VBL)
VBS - Ver*ical bereasizht deflecstion : :

VCRF - Projectila wvalocity corrsctlon to responss factcr

s

¥G3L - Vartical grari:y ballistis lend angle {"superalsavaticn®)

- A a

eL - rapilcal lead rsla, line of si-ht %o future )

-

tien

R
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i
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JIG

VPR

= VAP

"
LT 23

ey
WD
1

[

Z

VPL

VPT .

% VWBL -
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Jertical lard correction (from canm)
Vérbiéal iend, syro té gun
'Verticél prescession lend

Vertical pfecessioﬁ rats

Vertical precession torqus

. RP 1nput to verticsl precession tdrque multiplier

(ype = Sin L ap
o = St

Vertical sight angle, gyro‘to line of sight

Vertical motlion of combining glass (VSMK = .30 VS)
Computer refersncs voltage (VT = Vi) |
Vertical torqus componant psrperdicular to gyro
spin sxis {(VIG =;VETJ . |

Vertical wind bailistic'lead angle

Wiind angle (WA = FA - WD)

-Wind correcticn to velocity

wind direction

Wind velocity

Lateral Ballistics factor (Z = RF-coszLLG)

LY
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APPENDIL B

A GLOSSARY OF SYMBOLS USED 1N

ANALYTIC STUDIZS OF THE DIRECTOUR

27-rm CCMPUTER STUDY

e . a - Retardation coerficient:(seCS'l) for 37-mm,

a=0.1562 x 107* ’0 Vv (fpsi/cg , - .

Af - True FA = FA - Ep, |
AO - .Trué present (observed) azimuth = OA - ZA
08,1" . Ballf%tip coaft'icient wich'respect to Ga.l'Units:psi
DO, p - Present slant range st ‘open fire! o
i' ' E - Relative retsrdstion, secﬁ;l
'Ey - Azimuth tracking error
Eg -« Elevatlon tracking errof
Ep - True FE = FE - Eoo
EFA - Cverall director gun error in azimuth
Eaz - Overall director gun error in selevatlon
Ey, "~ Error in lead angle L ' ‘ S
EN - Resultant méximum error in yards rormal to the

trajectory

Resultant maximum potentiometar lirearlty error

ts3
=
—~
s
o
&
3
e’
1

in yords normal to the treajector; ' ¢

EN(ptrm) - Resultan® maiximunm potentlicmetar vesolutloh errer ﬁ
lE " in yards normal! to the tralactory i
122 ‘ A e
) | . CONMNFIDENTIAL
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36 - True 02 = 02 - 25
Epr . Frecession rate error
3p31 - Poténtiometer‘linearity error
Eptlﬁ - xgximﬁm potentiometer 1linsarity error
Eptr - Potentiometer resolutidn error
Eptrm - Maximumvpotentiometer resolution error §
‘ ‘;ERF - Error‘inbrasponse factor | %
fpg - Peet per second s ) |
kgye ~ = Actual gyro elevqtion“(GYE + P2 =ig) é
Gg.1 | -  Drag functlon for type 8.1 projectile %
K4 - Drag coefficient z
m.p.1. - NMean plLint of impact %
mps - ¥ils per'seéond g
OA - Azimuth of director line of sight |
0= - Present (observed) slsvation, in plane contsining LOS
and FA axis
p - Haaviside diffsrentisl opersator (px = g% = X)
psi - Pounds per squars 1inch : %
pzyl - Position of gyro in lateral plana (S0° - LIG - A Sig) i
PCT - resent course tima + PCT = Present time ninus é
time at which targat reacﬁas presant position %
crossover.
Ro - Ground range ' E
g T¥or - Time of fight at 'open Il
| CONFDENTIAL ;
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- Modiffed Lime of flignt At fopen fire:
(u = APY-DO) |

- ¥yards par second
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ILLUCTRATION ISENTIFICTICY

Figura Sparry Print Plgure Sperry‘Prinf . 1

3-1 5282 - 15137 4-1 5282 - 15118

5.2 5282 - 15156 4.3 5262 - 15163

3-3 5282 - 15157 . 5-4 5282 - 15124

3-4 : 5282 - 15133 5-5 : 5282 - 15045

3-5 5282 - 15017 5-6 5282 - 15123

3-6 5282 - 15081 5-7 ' 5282 - 15125

3-7 5282 - 15040 5-8 5282 - 15120

3-8 5282 - 15042 5-9 o 528? - 15131 P
3-9 5282 . 15042 5-10 5282 - 15128 .

3-10 5282 - 15133 5-11 see2 - 15079

3-13 - 5282 - 15134 | 512 5282 - 15114

3-14 5282 - 15133 5-13 5282 - 15115

5~15 5282 - 130439 o-14 5282 - 15120
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